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II.  EROMEORINS  MILITARY  ACTIVITY 

U.  S.  Army  Engineer  District 
Anchorage,  Alaska 


The  existing  Federal  project  through  the  Gastineau  Channel,  Alaska,  provides  for  a 
navigation  channel  4  ft  deep  at  mllw  (including  overdepth  dredging)  with  a  bottom  width 
of  75  ft.  The  channel  was  constructed  in  1959-60  through  an  area  with  a  prevailing 
bottom  elevation  of  +10  to  +15  ft  mllw  and  soon  experienced  rapid  shoaling  at  several 
locations.  No  maintenance  dredging  has  been  performed,  primarily  because  of  the  large 
cost  of  moving  a  dredge  to  this  remote  area.  A  model  study  was  conducted  to  determine 
the  best  means  of  resolving  the  shoaling  problem.  The  model,  constructed  to  linear 
scale  ratios  of  1:500  horizontally  and  1:100  vertically,  reproduced  about  7  miles  of 
Gastineau  Channel  from  Fritz  Cove  on  the  west  to  1  mile  north  of  Juneau,  Alaska,  on  the 
east.  It  was  equipped  to  reproduce  and  study  prototype  tides,  tidal  currents,  fresh¬ 
water  inflow,  and  shoaling.  The  shoaling  tests  were  conducted  using  granulated 
plastic  to  simulate  the  natural  sediments,  and  a  technique  was  developed  to  properly 
reproduce  the  p-ototype  shoaling  pattern  and  distribution.  ,.It  was  determined  from  the 
model  tests  that  any  one  of  several  impermeable  dikes  with  a  top  elevation  above  high 
water  and  located  along  the  north  side  of  the  navigation  channel  would  reduce  shoaling 
by  80  to  85  percent.  Diversion  of  Fish  Creek  away  from  the  navigation  channel  would 
result  in  an  additional  5  percent  reduction.  The  shortest  dike  tested  (plan  4)  was 
17,250  ft  long,  and  the  shoaling  reduction  for  this  plan  was  essentially  the  same  as 
that  for  longer  dikes. 
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TECHNICAL  REPORT  H-72-9 


FOREWORD 

A  request  was  made  by  the  U.  S.  Army  Engineer  District,  Alaska,  on 
1  Axjril  1963  to  conduct  a  hydraulic  model  study  of  Gastineau  Channel, 
Alaska,  and  the  request  was  subsequently  approved  by  the  Chief  of 
Engineers.  Field  surveys  for  the  study  were  made  in  the  summer  and  fall 
of  1963,  and  the  model  study  was  conducted  during  the  period  October 
1964-May  1967. 

The  model  investigation  was  conducted  in  the  Hydraulics  Laboratory 
of  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES)  under  the 
general  supervision  of  .Messrs.  E.  P.  Fortson,  Jr.  (retired),  Chief  of 
the  Hydraulics  Laboratory;  G.  B.  Fenwick  (retire''),  Assistant  Chief  of 
the  Hydraulics  Laboratory;  H.  B.  Simmons,  present  Chief  of  the  Hydrau¬ 
lics  Laboratory;  and  F.  A.  Herrmann,  Jr.,  Chief  of  the  Estuaries  Branch. 
The  tests  were  conducted  by  Mr.  Hermann,  assisted  by  Mr.  D.  A.  Crouse. 
This  report  was  prepared  by  Mr.  Herrmann. 

Directors  of  WES  during  the  course  of  this  investigation  and  the 
preparation  and  publication  of  this  report  were  COL  Alex  G.  Sutton,  Jr., 
CE;  COL  John  R.  Oswalt,  Jr.,  CE;  COL  Levi  A.  Brown,  CE;  and  COL  Ernest  D. 
Peixotto,  CE.  Technical  Directors  were  Messrs.  J.  B.  Tiffany  and 
F.  R.  Brown. 
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CONVERSION  FACTORS,  BRITISH  TO  METRIC  UNITS  OF  MEASUREMENT 

British  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  units  as  follows: 

Multiply _  By  _ To  Obtain _ 

inches  25.4  millimeters 

feet  0.3048  meters 

miles  (U.  S.  statute)  1.609344  kilometers 

feet  per  second  0.3048  meters  per  second 

cubic  feet  per  second  0.02831685  cubic  meters  per  second 

square  feet  0.092903  square  meters 

square  miles  2.58999  square  kilometers 
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SUMMARY 


The  existing  Federal  project  through  the  Gastireau  Channel,  Alaska, 
provides  for  a  navigation  channel  4  ft  deep  at  mllw  (including  overdepth 
dredging)  with  a  bottom  width  of  75  ft.  The  channel  was  constructed  in 
1959-60  through  an  area  with  a  prevailing  bottom  elevation  cf  +10  to 
+15  ft  mllw  and  soon  experienced  rapid  shoaling  at  several  locations.  Ho 
maintenance  dredging  has  been  performed,  primarily  because  of  the  large 
cost  of  moving  a  dredge  to  this  remote  area.  A  model  study  was  con¬ 
ducted  to  determine  the  best  means  of  resolving  the  shoaling  problem. 

The  model,  constructed  to  linear  scale  ratios  of  1:500  horizontally 
and  1:100  vertically,  reproduced  about  7  miles  of  Gastineau  Channel  from 
Fritz  Cove  on  the  west  to  1  mile  north  of  Juneau,  Alaska,  on  the  east. 

Ifc  was  equipped  to  reproduce  and  study  prototype  tides,  tidal  currents, 
freshwater  inflow,  and  shoaling.  The  shoaling  tests  were  conducted 
using  granulated  plastic  to  simulate  the  natural  sediments,  and  a  tech¬ 
nique  was  developed  to  properly  reproduce  the  prototype  shoaling  pettern 
and  distribution. 

It  was  determined  from  the  model  tests  that  any  one  of  several, 
impermeable  dikes  with  a  top  elevation  above  high  water  and  located 
along  the  north  side  of  the  navigation  channel  would  reduce  shoaling  by 
80  to  85  percent.  Diversion  of  Fish  Creek  away  from  the  navigation 
channel  would  result  in  an  additional  5  percent  reduction.  The  shortest 
dike  tested  (plan  4)  was  17,250  ft  long,  and  the  shoaling  reduction  for 
this  plan  was  essentially  the  same  as  that  for  longer  dikes. 


NAVIGATION  CHANNEL  IMPROVEMENT 
GASTINEAU  CHANNEL,  ALASKA 

Hydraulic  Model  Investigation 


PART  I:  INTRODUCTION 

The  Prototype 


Description  of  the  area 

1.  Gastineau  Channel  (fig.  1),  a  narrow  strait  about  1 6  miles* 
long  that  separates  Douglas  Island  from  the  mainland  of  southeastern 
Alaska,  connects  Stephens  Passage  on  the  east  with  Fritz  Cove  on  the 
west.  Juneau,  Alaska,  is  located  on  the  mainland  side  of  the  channel  at 
about  its  midpoint.  East  of  Juneau  the  channel  is  fairly  uniform  with 
the  width  varying  from  4000  to  6000  ft.  A  naturally  deep  channel,  with 
controlling  depth  of  about  -45  ft  at  mean  lower  low  water  (mllw) ,  exists 
in  this  portion  of  Gastineau  Channel.  West  of  Juneau  the  width  varies 
from  about  2000  ft  near  Juneau  to  about  10,000  ft  near  the  western  end 
of  the  channel. 

2.  The  western  5-5  miles  of  the  channel  has  been  described  as  a 
giant  shoal  and  has  a  general  elevation  of  +10  to  +15  ft  mllw.  The 
shoal  is  roughly  centered  on  the  meeting  point  of  the  tides  that  enter 
the  opposite  ends  of  the  channel.  Since  the  tides  are  very  closely 
equal  in  range  and  phase,  tidal  velocities  in  this  area  are  almost  zero. 
Therefore,  it  is  not  surprising  that  sediments  carried  into  the  area  by 
tributary  streams  are  not  moved  out  of  the  shoal  area.  The  shoal  con¬ 
sists  primarily  of  glacial  till  with  the  surface  layers  being  mainly 
fine  to  coarse  sands  covered  by  a  thin  layer  of  organic  muck. 

Existing  navigation  project 

3.  Gastineau  Channel  provides  a  15-mile  shoitcut  for  boats 


*  A  table  of  factors  for  converting  British  units  of  measurement  to 
metric  units  is  presented  on  page  vii.  r  — 
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traveling  north  from  Juneau.  In  the  past,  however,  the  controlling 
depth  across  the  shoal  area  was  about  +15  ft  mllw  so  that  it  could  only 
be  navigated  by  small  boats  and  only  at  high  tide.  In  1945 >  Congress 
authorized  construction  of  a  navigation  channel  through  the  shoal  area 
of  the  channel  with  a  bottom  width  of  75  ft,  a  depth  of  0  ft  mllw,  and 
l-on-3  side  slopes.  The  project  was  actually  constructed  during 
1959-60  to  a  depth  of  -4  ft  mllw,  including  2  ft  of  overdepth  dredging 
and  2  ft  of  advance  maintenance  dredging.  The  dredge  spoil  was  placed 
in  spoil  banks  along  the  north  side  of  the  navigation  channel,  as  shown 
in  fig.  2. 


Fig.  2.  Spoil  bank  locations  and  proposed  dike  locations 


4.  Subsequent  to  construction  of  the  navigation  channel,  rapid 
shoaling  occurred  within  the  limits  of  the  project.  The  primary  reasons 
for  this  rapid  shoaling  appear  to  be  twofold.  First,  it  has  been  deter¬ 
mined  that  under  the  influence  of  tidal  action  the  natural  side  slopes 
are  between  1  on  6  and  1  on  10,  rather  than  1  on  3  as  constructed. 
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Therefore,  extensive  sloughing  of  the  side  slopes  was  experienced  during 
the  first  year  subsequent  to  construction  of  the  project.  Second,  the 
navigation  channel  produced  a  dredge  cut  that  was  as  much  as  15  ft  be¬ 
low  the  elevation  of  the  adjacent  tidal  flats,  which  created  a  drainage 
canal  for  the  tidal  flats.  This  situation  increased  the  hydraulic  gra¬ 
dients  of  the  natural  channels  across  the  shoal  area,  thus  producing 
higher  velocities  that  are  capable  of  moving  large  quantities  of  sedi¬ 
ment  into  the  canal.  The  result  of  this  action  is  especially  evident 
at  the  mouths  of  the  tributary  streams  and  sloughs  entering  the  navi¬ 
gation  channel.  No  maintenance  dredging  has  been  undertaken,  primarily 
because  no  dredges  are  available  in  Alaska. 

5.  The  Juneau  Airport  and  seaplane  basin  are  located  on  the  edge 
of  the  tidal  flats  north  of  the  navigation  channel.  When  the  navigation 
channel  was  first  dredged,  there  was  a  sizable  breach  in  the  east  end 

of  the  seaplane  basin  dike.  Under  this  condition,  almost  the  entire 
volume  of  the  seaplane  basin  drained  into  Jordan  Creek  during  ebb  tide 
phases,  resulting  in  the  flushing  of  large  amounts  of  sediment  out  of 
Jordan  Creek  into  the  navigation  channel.  The  breach  in  the  dike  was 
subsequently  repaired,  and  apparently  navigation  channel  shoaling  in 
the  vicinity  of  Jordan  Creek  has  been  significantly  reduced. 

Hydraulic  characteristics 

6.  The  channel  is  subject  to  tidal  action  at  both  ends.  The 
tides  display  a  diurnal  inequality  typical  of  the  Pacific.  Ocean.  The 
mean  tide  range  at  Juneau  is  14,0  ft;  however,  the  mean  diurnal  range 
(from  mhhw  to  mllw)  is  16.6  ft.  The  extreme  tidal  range  is  about 
26.5  ft,  and  the  extreme  high-water  elevation  is  +21.1  ft  mllw. 

7.  Several  freshwater  streams  enter  the  channel— the  largest  of 
these  is  the  Mendenhall  River,  which  enters  the  channel  at  its  extreme 
western  end  near  the  Juneau  Airport.  The  mean  and  maximum  discharges 
of  this  stream  are  1100  and  10,000  cfs,  respectively.  Other  streams 
entering  the  system  include  Sheep,  Gold,  Salmon,  Lemon,  Sweitzer,  and 
Fish  Creeks.  Of  these,  only  Lemon  Creek  has  an  appreciable  flow  with 
mean  and  maximum  discharges  of  220  and  3000  cfs,  respectively. 

r  " 

* 

* 

i 


11 


3 


Salinity  characteristics 

8.  Prototype  salinity  data  obtained  in  September  19d5  indicate 
that  there  is  no  appreciable  salinity  gradient,  surface  to  bottoo, 
during  the  flood  phase  of  the  tide.  During  the  later  stages  of  the  ebb 
tide,  surface  salinities  are  considerably  lower  than  bottda  salinities 
in  the  navigation  channel.  During  these  stages  of  the  ebb  tide,  alcost 
the  entire  tidal  prise  of  the  area  is  confined  to  the  navigation  channel 
Since  fresh  water  from  tributary  streams  'Titers  the  navigation  channel, 
and  since  current  velocities  are  not  sufficient  to  create  appreciable 
vertical  mixing,  it  is  not  surprising  that  this  salinity  gradient  exists 
during  the  ebb  flows.  It  is  believed  that  the  density  effects  resulting 
from  vertical  salinity  differences  are  not  significant  to  hydraulic  or 
shoaling  phenomena  in  the  problem  area. 

Purpose  of  the  Model  Study 

9-  In  June  1961,  the  U.  S.  Army  Engineer  District,  Alaska,  re¬ 
quested  that  the  Corps  of  Engineers  Committee  on  Tidal  Hydraulics  re¬ 
view  the  shoaling  problem  and  recommend  measures  which  might  resolve  the 
problem.  At  that  time,  the  Committee  recommended  that  more  extensive 
field  surve.'  s  be  made  in  order  to  study  the  problem  in  more  detail  and 
made  several  generalized  recommendations  for  reducing  channel  shoaling. 

10.  In  J-ne  1962,  the  Alaska  District  again  requested  that  the 
Committee  review  the  Gastineau  Channel  problem;  With  the  more" detailed 
information  the  Alaska  District  was  able  to  furnish  at  that  time,  the 
Committee  published  a  report  entitled  "Navigation  Project  in  Gastineau 
Channel,  Alaska"  which  listed  several  specific  alternate  solutions  to 
the  problem  as  follows:  (a)  redredge  the  channel  periodically,  (b)  re¬ 
duce  velocities  over  the  shoal  areas  with  dikes  or  by  reshaping  natural 
contours,  (c)  localize  scouring  velocities  to  paved  or  enrocked  ur~as 
so  that  no  bed  movement  occurs,  (d)  construct  settling  basins  to  trap 
the  sediments,  (e)  divert  tributary  streams  and  sloughs  away  from  the 
navigation  channel,  and/or  (f)  isolate,  the  navigation  cnannel  from  the 
tidal  flats  by  means  of  a  continuous  dike. 

IV 


4 


w 


11.  Of  these  possible  solut  ion* ,  the  Committee  recommended  isc- 
latioj.  of  the  navigation.  channel  by  means  cf  a  •continuous  dike  as  being 
the  only  one  giving  practise  of  a  permanent  improvement.  The  north  dike 
proposed  by  the  Committee  (fig.  2'  would  be  open  at  both  ends  to  pre¬ 
serve  the  tidal  conditions  north  of.  the  dike.  It  seemed  probable  that 
rather  sizable  volumes  of  sediment  vould  be  carried  out  of  the  tidal 

i lots  past  the  ends  of  the  dike;  however,  because  of  the  abrupt  termi¬ 
nation  of  the  shoal,  at  ooih  ends,  it  vas  not  believed  tnat  the  sediments 
vould  be  transported  around  the  ends  of  the  dike  and  into  the  navigation 
channel.  Mue-  of  the  material  required  for  construction  of  the  dike 
vould  logically  be  obtained  by  deepening  and  widening  the  navigation 
channel.  This  vould  lead  to  increased  navigation  benefits  free  the 
project  and  vould  satisfy  requests  of  local  interests  for  an  enlarged 
channel.  In  vas  believed  that  an  additional  benefit  which  sight  be 
realized  from  this  plan  would  oe  the  reclamation  of  land  for  future 
development.  Several  alternate  dike  alignments  are  also  presented  in 
fig.  2. 

12.  The  Committee  further  reconrsended  that  a  hydraulic  model 
study  of  the  problem  be  undertaken  with  the  following  purposes:  (a)  to 
study  tr.e  present  current  patterns  over  the  shoal  area  as  a  guide  to 
laying  out  improvement  works;  (b)  to  determine  the  velocities  associated 
with  any  proposed  dike  construction,  weir  construction,  or  channel  diver¬ 
sion;  and  (c)  to  study  dike  closure  procedures  in  the  event  that  a  land 
reclamation  project  is  considered  in  tr.e  improvement  program.  Subse¬ 
quently,  item  (c)  was  removed  from  the  program,  and  the  model  study  was 
expanded  to  include  an  investigation  of  shoaling  distrioution  patterns 
with  and  witr.out  Improvement  works.  The  study  vas  further  expanded  to 
include  investigation  of  tne  effects  of  enlarging  the  dimensions  of  the 
navigation  crannel. 
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FART  II:  SUBMODEL 


Description 


13.  The  Gastineau  Channel  model  reproduced  about  7  arii.es  of  the 
Gastineau  Channel  from  Fritz  Cove  to  about  1  stile  north  of  Juneau,  an 
area  of  about  15  square  miles.  Each  end  of  the  model  terminated  in  a 
keadbay  of  suitable  area  and  depth  for  installation  and  operation  of  a 
tide  generator.  The  limits  of  the  area  reproduced  are  shown  in  fig-  3, 
and  a  general  view  of  the  model  is  shown  in  fig.  4. 

14.  The  model  was  constructed  to  linear  scale  ratios,  model  to 
prototype,  of  1:500  horizontally  and  1:100  vertically.  Free  these  basic 
ratios  the  following  scale  relations  were  computed  according  to  the 
Froudian  relations:  slope  5:1,  velocity  1:10,  time  1:50,  discharge 
1:500,000,  and  voline  1:25,000,000.  Salinity  was  not  reproduced  in  the 
model,  since  an  analysis  of  prototype  salinity  data  indicated  that  den¬ 
sity  phenomena  had  no  significant  effects  on  shoaling.  One  prototype 
tidal  cycle  (diurnal)  of  24  hr  and  50  min  was  reproduced  in  the  model 

in  29  min  and  48.5  sec.  Horizontal  control  was  based  on  the  Universal 
Transverse  Mercator  grid  system.  Zone  8,  and  vertical  control  was  based 
on  mllw,  1959  revision,  USC&GS.  The  model  was  approximately  65  ft  long 
and  25  ft  wide,  covered  an  area  of  about  1600  sq  ft,  and  was  of  fixed- 
bed  construction;  it  was  completely  enclosed  to  protect  it  and  its  ap¬ 
purtenances  from  the  weather  and  to  permit  uninterrupted  operation. 

The  navigation  channel  was  molded  in  removable  blocks  so  that  desired 
alterations  could  readily  be  made  as  necessary  to  investigate  changes 
in  channel  dimensions. 

15-  The  permanent  roughness  enployed  consisted  of  l/2-in.-wide 
metal  strips,  although  it  was  subsequently  determined  that  the  concrete 
bed  of  the  model  was  sufficiently  rough  to  eliminate  the  need  for  any 
additional  roughness. 

Appurtenances 

lo.  The  model  was  equipped  with  the  necessary  appirtenances  to 
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reproduce  and  measure  all  pertinent  phenomena  such  as  tidal  elevations, 
current  velocities,  freshwater  inflow,  dispersion  characteristics,  and 
shoaling  distribution.  Apparatus  used  in  connection  with  the  reproduc¬ 
tion  and  measurement  of  these  phenomena  included  two  primary  tide  gen¬ 
erators  and  recorders,  tide  gages,  current  velocity  aeters,  freshwater 
inflow  measuring  weirs,  skinning  and  measuring  weirs,  dye  injection 
equipment,  and  shoaling  recovery  apparatus.  This  equipment  is  described 
in  detail  in  subsequent  paragraphs. 

Tide  generators  and  recorders 

17-  The  reproduction  of  tidal  action  in  the  model  was  accom¬ 
plished  by  means  of  tide  generators  located  in  the  hcadbays  at  each  end 
of  the  model.  These  tide  generators  maintained  a  differential  between 
a  pusped  inflow  of  water  to  the  model  and  a  gravity  return  flow  to  the 
supply  susp  as  required  to  reproduce  all,  characteristics  of  the  proto¬ 
type  tides  at  the  control  stations  (tide  gages  7  and  21  shown  in  fig.  3). 
The  tide  generators  were  equipped  with  continuous  tide  recorders  so 
that  the  accuracy  of  model  tide  reproduction  could  be  checked  visually 
at  any  time.  The  control  element  of  one  of  the  tide  generators  and  its 
tide  recorder  are  shown  in  photo  1,  while  one  of  the  automatic  valves 
in  the  outfall  line  is  shown  in  photo  2.  A  schematic  diagram  of  the 
tide  generation  system  is  shown  in  fig.  5. 

Tide  gages 

18.  Permanently  mounted  point  gages  (photo  3)  were  installed  at 
the  locations  of  the  four  recording  tide  gages  used  for  collection  of 
field  tide  data  (fig.  3)*  The  model  gages  were  graduated  in  0.001  ft 
(0.1  ft  prototype)  and  were  used  to  measure  tidal  elevations  throughout 
the  model.  Portable  point  gages  were  used  to  measure  tidal  elevations 
at  ether  points  as  required. 

Current  velocity  meters 

19-  Current  velocity  measurements  were  made  in  the  model  with 
miniature  Price-type  current  meters  (photo  4).  The  meter  cups  were  about 
0.04  ft  in  diameter,  representing  4.C  ft  in  the  prototype.  The  center 
of  the  cups  was  about  0.045  ft  from  the  bottom  of  the  frame,  represent¬ 
ing  4.5  ft  in  tne  prototype.  The  meters  were  calibrated  frequently 
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Fit*  5-  S  iematic  diagram  of  tide  generation  system 

to  ensure  their  accuracy  and  were  capable  of  measuring  velocities  as  low 
as  about  0-05  fps  (0-5  -ps  prototype).  For  water  depths  less  than  about 
5  ft,  velocities  were  determined  by  timing  the  movement  of  surface  floats 
over  a  Known  distance. 

Freshwater  inflow  measuring  weirs 

20.  Van  Leer  (or  Califomia-pipe)  weirs  (shown  in  photo  5  with 
constant  head  tank)  were  used  to  obtain  precise  measurements  of  the 
freshwater  inflows  of  Mendenhall  River  and  Lemon  Creek.  No  freshwater 
inflow  was  reproduced  in  the  other  tributary  creeks,  since  their  flows 
were  insignificant. 

Skimming  and  measuring  weirs 

21.  The  water  that  accumulated  in  the  model  as  a  result  of  the 

Mendenhall  River  and  Lemon  Creek  inflows  had  to  be  removed  in  order  to 

maintain  a  constant  volume  of  water  in  the  model.  This  was  accomplished 

by  means  of  a  floating  skimming  weir  (photo  6)  that  removed  a  quantity 

r 


9 


of  vater  equal  to  the  freshwater  inflows  to  the  model.  Measurement  of 
the  discharge  over  the  skisnsing  weir  was  made  with  a  Van  Leer  weir. 

Dye  injection  equipment 

22.  Dye  tracer  tests  were  conducted  to  determine  areas  of 
Gasttneau  Channel  affected  by  freshwater  flows  of  Mendenhall  River  and 
Lemon  Creek.  The  dye  vao  introduced  directly  into  the  outfall  pipe  of 
the  freshwater  Van  Leer  weirs  of  the  tributaries.  Dye  dispersion  pat¬ 
terns  were  recorded  photographically,  but  no  measurements  of  dye  concen¬ 
tration  were  made. 

Shoaling  recovery  apparatus 

23-  Shoaling  was  reproduced  in  the  model  by  injecting  granulated 
polystyrene  plastics.  Known  volumes  of  the  shoaling  material  were  hand- 
placed  at  predetermined  locations  in  the  model  before  and  during  each 
shoaling  test.  At  the  end  of  the  model  test,  the  shoaling  material 
deposited  within  the  limits  of  the  navigation  channel  was  recovered  by 
suction  using  a  flared  nozzle  connected  by  hose  to  an  aspirator  (or 
hydraulic  ejector)  (photo  7);  the  material  was  then  measured 
volux-etrically . 
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PAS?  III:  VSHIF1CASI®  CF  TES  HSJEL 


2l».  It  should  be  emphasized  that  the  worth  of  any  model  study  is 
wholly  dependent  upon  the  proven  abi  lity  of  the  model  to  produce  with  a 
reasonable  degree  of  accuracy  the  results  which  can  be  expected  to  occur 
in  the  prototype  under  given  conditions.  It  is  essential,  therefore, 
before  any  model  tests  are  undertaken  of  proposed  ispr-Yment  plans, 
that  the  required  similitude  first  be  established  between  the  model  and 
prototype  and  that  all  scale  relations  between  the  two  be  determined. 

25.  Verification  of  the  Gastineau  Channel  model  was  accomplished 
in  two  phases:  (a)  hydraulic  verification,  which  ensured  that  tidal  el¬ 
evations  and  times,  and  current  velocities  and  directions  were  in  proper 
agreement  with  the  prototype;  and  (b)  shoaling  verification,  which  as¬ 
sured  acceptable  reproduction  of  prototype  shoaling  distribution. 

26.  The  accurate  reproduction  of  hydraulic,  salinity,  and  shoal¬ 
ing  phenomena  in  an  estuary  model  is  an  important  phase  in  the  prepara¬ 
tion  of  the  model  for  its  ultimate  use  in  evaluating  the  effects  of 
proposed  improvement  works.  In  this  instance,  it  was  decided  that  sa¬ 
linity  effects  played  an  insignificant  role  in  the  shoaling  problem; 
therefore,  salinity  was  not  reproduced  in  this  model.  Verification  of 
hydraulic  phenomena  for  one  spring  tide  and  one  mean  tide  required  a 
series  of  elaborate  tests  extending  over  a  period  of  four  months.  Shoal¬ 
ing  verification  of  the  model  required  an  additional  three  months.  Pro¬ 
totype  data  used  for  the  hydraulic  verification  were  published  by  the 

U.  S.  Department  of  the  Interior,  Geological  Survey,  Water  Resources 
Division,  Juneau,  Alaska,  in  a  report  of  October  196?  entitled  "Gas¬ 
tineau  Channel  Study-- Administrative  Report." 

Hydraulic  Verification 


Prototype  data 

27.  Prototype  data  collected  for  verification  of  the  model  in¬ 
cluded:  (a)  continuously  recorded  tidal  elevations  at  four  loca¬ 
tions  (fig.  3);  (b)  current  velocity,  current  direction,  and  salinity 
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observations  at  three  depths  at  each  of  four  stations  in  the  navigation 
channel  (fig.  3);  (c)  hydrography  of  freshwater  tributaries  in  the  prdb- 
len  area;  and  (d)  hydrographic  and  topographic  surveys.  The  field  data 
for  items  (a),  (b),  and  (c)  were  gathered  in  Septeofeer  19&3  by  the  Jo- 
ne an,  Alaska,  office  of  the  U.  S.  Geological  Survey.  These  prototype 
data  were  obtained  over  a  12-day  period  daring  which  the  tides  varied 
fron  spring  range  to  slightly  less  than  mean  range.  Freshwater  inflows 
during  the  Metering  period  were  sonevhat  higher  than  the  average  annual 
high  discharge. 

26.  Current  velocity  and  salinity  data  were  obtained  using  only 
one  survey  boat,  which  was  anchored  at  each  station  in  succession  for 
periods  of  25  hr.  This  procedure  was  repeated  so  that  velocity  obser¬ 
vations  were  made  at  each  station  on  three  different  days  in  the  12- day 
Metering  period.  Since  the  tide  range  was  varying  rather  rapidly  during 
this  period,  the  velocities  obtained  at  any  one  station  were  not  di¬ 
rectly  conparable  to  those  ax  any  other  station.  Velocity  and  salinity 
sampling  stations  were  located  only  along  the  center  line  of  the  navi¬ 
gation  channel  because  the  surrounding  tidal  flats  are  exposed  through¬ 
out  the  Major  portion  of  the  tidal  cycle. 

Tidal  adiustaest 

29-  The  objective  of  the  nodel  tidal  adjustment  was  to  obtain  an 
accurate  reproduction  of  prototype  tidal  elevations  and  phases  through¬ 
out  the  Model.  Prototype  tidal  data  from  four  recording  tide  gages 
(fig.  3)  were  available  to  verify  the  accuracy  of  the  model  tidal  ad¬ 
justment.  These  gages  recorded  continuously  throughout  the  12-day  pe¬ 
riod  of  prototype  velocity  and  salinity  measurements. 

30.  During  the  prototype  metering  period,  there  were  significant 
variations  of  tidal  range  and  other  tidal  characteristics.  In  order  to 
avoid  the  time-consuming  and  expensive  procedure  of  adjusting  the  model 
to  reproduce  all  12  tides  observed  during  the  metering  period,  it  was 
decided  to  select  two  24.84-hr  (diurnal)  tides  representative  of  spring 
and  mean  tide  conditions  occurring  within  the  12-day  period  and  to  com¬ 
plete  the  adjustment  of  tides  and  currents  throughout  the  model  for  only 
the  two  tides  thus  selected.  The  two  tides  chosen  were  4-5  September 
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I9»3  (spring  tide)  and  9“  10  September  1963  (mean  tide). 

31.  The  normal  procedure  fdUoved  for  tidal  adjustment  is  to  ad¬ 
just  the  tide  generator  to  accurately  reproduce  the  desired  tide  at  the 

^  control  tide  gage,  then  to  adjust  the  model  roughness  until  prototype 

1  tidal  elevations  and  times  are  properly  reproduced  at  all  tide  gages 

throughout  the  model.  Since  the  Gastineau  Channel  model  had  a  tide  gen¬ 
erator  at  either  end  of  the  model,  the  procedure  was  somewhat  more  com¬ 
plicated.  First,  a  nodal  point  of  tidal  currents  from  the  opposite  ends 
of  the  channel  was  determined  from  examination  of  the  prototype  current 
velocity  data  and  the  general  hydrography;  a  barrier  was  then  construc¬ 
ted  across  the  model  at  that  location,  thus  isolating  the  influence  of 
the  tide  generators  from  each  other.  In  this  way  it  was  possible  to 
adjust  each  tide  generator  individually  to  approximately  reproduce  the 
'  proper  tides  at  their  respective  control  tide  gages.  After  this  was  ac¬ 

complished,  the  barrier  was  removed  and  the  tide  generators  were  simul¬ 
taneously  adjusted  to  reproduce  the  proper  tides  at  the  control  gages. 
Because  of  the  interaction  between  the  tides  generated  at  either  end  of 
the  model,  it  was  necessary  to  adjust  the  roughness  throughout  the  model 
concurrently  with  the  adjustment  of  the  tide  generators. 

32.  Comparisons  of  model  and  prototype  tidal  elevations  at  tide 
gages  7,  14,  18,  and  21  for  the  two  tides  reproduced  in  the  model  are 
shown  in  plates  1-4.  The  maximum  discrepancy  in  high-water  elevations 
was  +0.3  ft  prototype  (0.003  ft  model),  whereas  at  low  water  the  model 
water-surface  elevation  was  as  much  as  1.4  ft  prototype  (0.014  ft  model) 
too  high.  These  large  discrepancies  in  low-water  elevations  occurred 
only  at  the  interior  tide  gages  (14  and  18)  for  spring  tide  conditions. 
The  water  depths  in  the  channel  at  low  water  for  the  spring  tide  became 
so  shallow  in  the  model  that  surface  tension  effects  probably  became 
large  enough  to  retard  the  outflow,  thus  holding  up  the  low-water  ele¬ 
vation.  Velocities  in  the  channel  during  these  phases  of  the  tide  were 
so  low  in  both  model  and  prototype  that  the  overall  effect  of  the  large 
discrepancies  in  low-water  elevations  was  not  significant  to  the  hy¬ 
draulic  or  shoaling  regimens  of  the  channel.  Maximum  discrepancy  in  the 
times  of  high  and  low  was  about  l/4  hr  prototype  (l8  sec  model). 
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Adjustment  of  currents 


33.  The  objective  of  the  model  current  adjustment  was  to  obtain 
an  accurate  reproduction  of  the  vertical  and  longitudinal  distribution 
of  prototype  currents  throughout  the  model.  Because  the  flow  is  con¬ 
fined  to  the  narrow  navigation  channel  throughout  most  of  the  tidal 
cycle,  it  was  not  practical  to  meter  prototype  velocities  outside  the 
channel.  Thus,  it  was  not  possible  to  determine  the  lateral  distribu¬ 
tion  of  prototype  currents. 

34.  Prototype  current  velocity  observations  were  made  at  the  four 
stations  shown  in  fig.  3-  The  velocity  measurements  were  made  with  a 
Price-type  current  meter,  while  current  direction  was,  determined  by  ob¬ 
serving  the  deflection  of  a  light  weight  suspended  on  a  thin  fishing 
line  at  the  same  depth  at  which  the  velocity  measurement  was  being  made. 
Readings  were  made  at  half-hour  intervals  at  1  ft  below  the  surface, 
middepth,  and  1  ft  above  the  bottom  for  periods  of  25  hr  at  each  sta¬ 
tion.  It  must  be  pointed  out  that  because  tidal  currents  enter  Gas- 
tineau  Channel  from  both  ends  the  absolute  directions  of  ebb  (or  flood) 
currents  are  opposite  at  the  two  ends  of  the  channel.  It  was  determined 
that  the  nodal  point  is  in  the  immediate  vicinity  of  sta  2;  thus,  ebb 
currents  at  sta  1  are  directed  toward  Juneau  (east),  whereas  ebb  cur¬ 
rents  at  sta  3  and  4  are  directed  toward  Fritz  Cove  (west).  Apparently 
the  nodal  point  moves  back  and  forth  past  sta  2,  since  it  was  determined 
that  ebb  currents  (falling  tide)  can  actually  move  either  east  or  west. 

A  similar  situation  exists  for  flood  currents.  Therefore,  in  the  plates 
showing  velocity  measurements,  the  current  directions  at  sta  2  are  spec¬ 
ified  as  either  east  or  west  instead  of  ebb  or  flood;  currents  at  sta  2 
that  flow  east  are  usually  ebb  currents. 

35.  The  procedure  followed  for  adjustment  of  current  velocities 
was  to  reproduce  the  two  tidal  conditions  (spring  and  mean)  in  turn  and 
adjust  the  model  roughness  until  the  distribution  and  velocity  of  cur¬ 
rents  at  the  metering  stations  were  correctly  reproduced  in  the  model. 
During  this  phase  of  the  model  verification  it  was  determined  that  all 
artificial  roughness  in  the  model  could  be  removed. 

As  discussed  previously,  the  center  of  the  cups  on  the  model 
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velocity  meters  was  4. 5  ft  (prototype)  above  the  bottom  of  the  frame. 

Thus,  bottom  velocities  obtained  in  the  model  using  these  meters  actu¬ 
ally  represent  conditions  4.5  ft  (prototype)  above  the  channel  bottom, 
whereas  prototype  bottom  velocities  were  obtained  1  ft  above  the  channel 
bottom.  When  the  top  of  the  meter  cups  became  exposed  above  the  water 
surface,  it  was  no  longer  possible  to  accurately  measure  velocities  with 
the  meter.  Because  of  the  dimensions  of  the  velocity  meters,  it  was  not 
possible  to  measure  velocity  with  these  meters  in  depths  of  water  less 
than  about  5.0  ft.  When  the  depth  at  a  station  dropped  below  5.0  ft,  it 
was  necessary  to  measure  the  current  velocity  by  timing  the  movement  of 
a  surface  float  over  a  known  distance.  Because  of  the  shallow  depths 
involved  when  measuring  velocity  with  the  surface  floats,  the  measure¬ 
ments  thus  obtained  are  presented  as  the  surface,  middepth,  and  bottom 
velocities. 

37.  Prototype  velocity  observations  for  the  spring  tide  period 
were  made  on  3-7  September  1963,  but  only  the  tide  of  4- 5  September  was 
reproduced  in  the  model.  Similarly,  velocities  during  the  mean  tide 
period  were  observed  on  7" 11  September  1963,  but  only  the  tide  of 
9“10  September  was  reproduced  in  the  model.  The  tides  occurring  during 
the  entire  metering  period  at  gage  7  are  shown  in  fig.  6  to  indicate  the 
rapid  change  in  tidal  range  that  was  observed.  Because  of  this  rapid 
change  in  tidal  range,  it  is  obvious  that  current  velocities  observed  on 
any  particular  day  are  not  representative  of  the  velocities  which  would 
have  been  observed  at  the  same  station  on  any  other  day,  even  the  pre¬ 
ceding  or  following  day.  Thus,  it  was  necessary  to  adjust  the  prototype 
velocity  measurements  so  that  they  would  more  nearly  represent  prototype 
conditions  on  the  two  days  reproduced  in  the  model.  It  was  found  that  a 
reasonably  good  linear  relation  existed  between  tidal  range  and  maximum 
velocity.  However,  it  was  necessary  to  develop  separate  relations  for 
each  current  direction,  observation  depth,  and  station.  Equations  for 
the  lines  of  best  fit  for  the  data  were  determined  using  a  simple  re¬ 
gression  analysis  of  the  least-squares  method.  Tidal  range  was  taken 
as  the  independent  variable,  and  maximum  velocity  was  taken  as  the 
dependent  variable.  For  all  the  curves  developed,  the  average  standard 
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Fig.  6.  Prototype  tides  at  gage  7 


Fig.  7 


Typical  tide/velocity  correlation  curves 


error  of  estimate  was  about  0.2  fps.  A  typical  pair  of  the  correlation 
curves  is  presented  in  fig.  7. 

38.  Comparisons  of  model  and  prototype  current  velocities  for  the 
four  stations  are  presented  in  plates  5“ 12.  In  each  of  these  plates  the 
date  of  the  tide  reproduced  in  the  model  and  the  date  of  the  actual 
prototype  velocity  measurement  are  shown.  It  must  be  remembered,  how¬ 
ever,  that  the  prototype  data  have  been  adjusted  to  represent  conditions 
of  the  tide  reproduced  in  the  model.  Half-hour  measurements  were  plot¬ 
ted  for  both  model  and  prototype,  and  smooth  curves  were  drawn  through 
the  points.  The  model  velocities  at  sta  4  are  generally  too  high.  It 
is  believed  that  the  model  was  too  rough  in  that  general  area;  this 
would  result  in  higher  flows  in  deep  areas  which  are  less  affected  by 
boundary  roughness  than  are  shallow  areas.  In  other  words,  the  excess 
roughness  reduced  flows  over  the  shallow  tidal  flats  and  increased  flows 
in  the  deeper  navigation  channel.  The  navigation  channel  was  too-  small 
to  offset  the  slow  imbalance  by  adding  roughness  strips  within  the  limits 
of  the  confined  channel,  and  it  was  not  practical  to  attempt  to  reduce 
the  roughness  of  the  concrete  model  bed.  Thus,  there  was  no  practical 
method  for  effecting  an  accurate  reproduction  of  velocities  at  sta  4. 

With  this  one  exception,  the  agreement  between  model  and  prototype  cur¬ 
rent  measurements  was  considered  to  be  satisfactory. 

Shoaling  Verification 

Prototype  data 

39.  Unfortunately,  the  only  prototype  shoaling  data  available 
consisted  of  three  sets  of  17  cross  sections  of  the  channel,  the  loca¬ 
tions  shown  in  fig.  8,  surveyed  immediately  after  completion  of  dredg- 
ing  (i960)  and  again  in  1961  and  1962,  along  with  one  comprehensive 
’Hydrographic  survey  of  the  area  made  in  1963.  The  volume  of  shoaling 
within  the  navigation  channel  between  cross  sections  was  determined  on 
an  end-area  basis  and  converted  to  a  percentage  of  the  total  shoaling 
in  the  channel  in  order  to  determine  the  shoaling  distribution  pattern. 
Thus,  only  an  approximate  determination  of  the  prototype  shoaling  char¬ 
acteristics  was  possible. 

f,  £3 
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fig.  8.  Location  of  cross  sections  and  heavy  shoal  areas  (196O-61.) 

1*0.  Examination  of  the  available  shoaling  data  indicates  that 
heavy  shoaling  occurred  during  the  first  year  after  dredging  (l960-t6l) 
at  four  locations  (fig.  8)  as  follows: 

a.  Sta  20.  This  shoaling  near  the  eastern  end  of  the  chan¬ 
nel  is*  believed  to  have  been  caused  by  severe  side 
sloughing. 

b.  Sta  76-96.  Sweitzer  apd  Lenpn  Creeks  enter  the  channel 
in  this  reach.  Severe  erosion  (not  sloughing)  of  the 
side  slopes  was  observed  in  this  area.  The  heaviest 
shoaling  was  observed  in  the  northerly  portion  of  the 
channel,  with  the  deep  water  in  the  channel  shifting 
south. 

i 

£.  Sta  152-188.  Jordan  Creek  enters  the  channel  in  this 
reach.  Severe  erosion  and  sloughing  of  the  side  slopes 
were  observed.  The  breach  in  the  seaplane  basin  dike  at 
the  Juneau  Airport  accentuated  this  shoaling,  and  a 
tidal  slough  entering  the  channel  from  the  south  between 
sta  152  and  172  may  have  increased  shoaling  at  the  east¬ 
ern  end  of  this  reach. 

d.  Sta  234-248.  Several  tidal  sloughs  enter  the  channel  in 
this  reach.  Severe  sloughing  and  erosion  of  the  side 
slopes  were  observed.  The  dredge- spoil  disposal  areas 
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In  this  area  vert  closer  to  the  channel  tsan  for  the  rest 
of  the  project;  therefore,  it  is  possible  that  this  shoal 
in?  was  accentuated  'ey  the  return  of  dredged  naterial  to 
the  channel. 

kl.  In  the  period  1961-63,  the  shoaling  pattern  in  these  areas 
was  changed  as  foil? vs: 

a.  Sta  20.  Only  very  light  shoaling  occurred-  probably  he- 

*"  cause  of  stabilization  of  the  side  slopes. 

b.  Sta  76-36.  Very  light  shoaling  occurred  in  the  vicinity 
of  the  main  freshwater  inflow  (sta  ^)»  Moderate  to 
heavy  shoaling  was  shifted  as  far  east  as  sta  *e0  and  as 
far  vest  as  sta  108- 

c.  Sta  I52-I0S.  Very  light  shoaling  occurred  in  the  vicin¬ 
ity  of  the  south  of  Jordan  Creek  (sta  loO).  The  breach 
in  the  seaplane  dike  was  repaired  in  Jfoveaber  19*62,  thus 
reducing  the  supply  of  sediment  to  this  area.  Heavy 
shoaling  occurred  as  far  east  as  sta  132  and  as  far  west 
as  sta  23I;.  Erosion  of  side  slopes  was  apparently  still 
occurring  but  not  sloughing. 

1  i.  Sta  23^-2h6.  Only  very  light  shoaling  occurred,  probably 

attributable  to  stabilization  of  side  slopes.  The  heavy 
shoaling  areas  during  this  period  are  shown  in  fig.  9* 


Fig.  9-  Location  of  heavy  shoal  areas  (1961-63) 
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42.  It  tirn  appears  that  within  one  scar  after  coetstrartioe  of 
the  navigation  darnel  the  channel  side  slopes  had  begone  relatively 
stable,  so  that  subsequent  channel  shoaling  inclrades  only  a  Minor  amount 
of  side  sloughing.  The  shoaling  that  occurred  daring  19&H?3  *as  used 
as  the  representative  prototype  shoaling  condition.  The  volume  of 
Shoaling  between  each  cross  section  vas  converted  into  a  percentage  of 
the  total  Shoaling  within  the  navigation  channel,  and  the  resulting 
shoaling  distribution  pattern  is  shown  in  plate  13*  For  the  purpose  of 
the  model  shoaling  verification,  the  navigation  channel  in  the  model  was 
Bolded  to  conform  to  19&1  conditions. 

Shoaling  test  pnw*<taw» 

43.  The  initial  phase  of  the  Model  shoaling  verification  was  the 
determination  of  the  dispersion  characteristics  of  the  freshwater  flows 
of  Mendenhall  River  and  Lemon  Creek.  This  vas  accomplished  by  intro¬ 
ducing  dye  with  the  discharge  of  each  stream  and  observing  its  spread 
throughout  the  model  for  several  tidal  cycles.  In  this  manner  it  vas 
possible  to  determine  the  areas  affected  by  any  suspended  sediments  that 
might  be  carried  by  these  streams.  Eye  diffusion  patterns  were  recorded 
photographically  at  times  of  high-  and  low-water  slacks  for  conditions 
of  the  spring  tide  combined  with  mean  and  high  freshwater  discharges. 
These  tests  indicated  that  only  a  very  snail  portion  of  the  Mendenhall 
River  discharge  eventually  makes  its  way  into  the  navigation  channel. 

On  the  other  hand,  the  Lemon  Creek  discharge  rapidly  dispersed  through¬ 
out  the  entire  length  of  the  navigation  channel.  As  a  result  of  these 
dye  dispersion  tests,  it  was  concluded  that  the  Mendenhall  River  is  not 
a  major  source  of  sediments  to  the  navigation  channel,  but  the  small 
tributary  creeks  might  supply  significant  volumes  of  sediment  to  the 
channel. 

44.  The  model  shoaling  verification  involved  the  reproduction  of 
the  prototype  shoaling  distribution  pattern  throughout  the  length  of  the 
dredged  navigation  channel.  The  basic  objective  of  the  model  shoaling 
verification  was  to  identify  a  synthetic  sediment  which  would  move  and 
deposit  under  the  influence  of  the  model  forces  in  the  same  manner  that 
the  natural  sediments  move  and  deposit  under  the  influence  of  the 
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sc&orsl  forget.  Is  the  grates*  of  identifying  *  sariitmhle  sediment  for 
me  in  the  model,  a  greet  aaafter  of  variables  were  Ssvolrei  sad  tm&  bed 
to  be  resolved  by  trial  and  error  is  the  model.  Tbe  most  significant 
variables  inelade:  fa)  shape,  sire,  gradation,  aad  specific  gravity  of 
the  artificial  sediment;  (to)  method,  loeetioe,  duration,  and  qaBatity  of 
artificial  sediment  injection;  (c)  rate  of  freshwater  discharge;  £dl 
arngmitode  of  tide;  Cel  length  of  model  operation;  asd  (f)  readjustment 
of  model  roggtaess.  Model  water  tengeratare  mrast  be  closely  aoasitoged, 
since  similar  shoaling  tests  ran  with  different  water  temperatures  often 
give  significantly  different  results. 

%5-  For  the  model  shoaling  tests,  granulated  polystyrene  with  a 
specific  gravity  of  1.C&  and  a  nean  grain  size  of  O.S  an  was  selected  as 
best  approximating  the  action  of  the  prototype  sediment.  A  rather  com¬ 
plex  operating  technique  was  developed.  Before  the  start  of  a  shoaling 
test,  c GOO  cc  of  the  nodd  sediment  was  placed  on  the  bed  of  the  model 
in  the  lower  portion  of  Sweitzer  Creek  in  the  general  vicinity  of  chan¬ 
nel  sta  90.  Boring  the  test,  additional  material  was  added  periodically 
at  Skreitzer  Creek,  Jordan  Creek,  Fish  Creek,  and  near  gage  lfi.  A  total 
of  33,000  cc  was  used  for  each  test.  The  amounts  and  times  of  these 
injections  are  presented  in  table  1,  while  the  locations  of  the  injec¬ 
tion  areas  are  shown  in  fig.  10.  The  model  was  operated  for  7.5  tidal 
cycles  using  the  spring  tide  and  the  following  tributary  inflows:  Men¬ 
denhall  River,  3000  cfs;  Lemon  Creek,  1000  cfs;  Fish  Creek,  300  cfs;  and 
Sveitzer  Creek,  75  cfs.  Locations  of  the  shoaling  sections  with  refer¬ 
ence  to  the  channel  stations  are  shown  in  fig.  11.  At  the  conclusion  of 
each  test,  the  material  deposited  between  cross  sections  within  the  nav¬ 
igation  channel  was  picked  up  with  a  suction  device  and  measured  volu- 
netricalty.  The  shoaling  distribution  was  then  computed  as  the  percent¬ 
age  of  total  material  recovered  from  each  section.  Hie  model  technique 
was  exactly  the  same  for  all  tests,  except  as  noted  later  for  tests  in¬ 
volving  impermeable  dikes  through  the  injection  areas.  Results  of  the 
shoaling  verification  are  presented  in  table  2  and  plate  13.  The  accu¬ 
racy  with  which  the  model  duplicated  the  prototype  shoaling  distribution 

pattern  was  considered  quite  sufficient  to  er  sure  a  valid  indication  of 
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Fig.  10.  loatioo  of  iajectian  areas  for  thorliqg  tests 


Fig.  11.  Location  of  shoaling  sections 


the-  effects  ©f  tt&e  gcrsjoaei  bwjssweaMrtt  &lmx  ®e  s2bb«.  dtemrScris- 
tie*  fa  the  y;jfelcr  »m-  The  shsaHag  tfar  scale  detencfael  fro®  this 
Tcrffffcstim  test  was  7.7  fer  model  =  25  inoet&s  prototype,  or  roughly 
1:3300. 

|  S^^txgagy  <r.e  Mgjgl  jlf<»«iwii—iufr« 

5cL  SSeesageaests  of  tidal  edLe*afc£oe  ia  the  acrid  mere  aerie  with 
point  gages  gradaated  to  0.001  ft,  or  0.1  ft  prototype.  Since  the  error 
between  model  sari  proto^rae  tidal  date  was  of  Mptaoartely  tMs  order 
of  magnitude,  the  model  measurements  of  tidal  devatfoos  ere  considered 
accurate  sari  satisfactory. 

57.  The  ifaatatioBS  of  the  current  Telocity  aeters  use-3  Ip  the 
noriel  should  be  const  riereri  ia  mafrfrtg  close  comparisons  between  aftodel  sari 
prototype  -relocity  data.  The  center  line  of  the  meter  car?  was  O.Gfc5  ft 
shore  the  button  of.  the  franc;  therefore,  hot  toe  -velocity  measurements 
ia  the  model  asiag  the  aeters  were  actually  obtained  at  a  point  1.5  ft 
(prototype)  abore  the  batten,  instead  of  1.0  ft  as  in  the  prototype 
metering  program.  Surface  velocities  were  measured  in  the  model  with 
the  cups  just  barely  submerged.  Since  the  cups  were  about  0.01  ft 
high,  surface  velocities  in  the  model  using  the  meters  were  obtained 
at  a  point  between  2  and  3  ft  below  the  surface  instead  of  1.0  ft  as 
in  the  prototype  metering  survey-  Conversely,  surface  velocities  in 
the  model  measured  with  floats  were  actually  on  the  surface.  The  model 
velocities  were  determined  by  counting  the  number  of  revolutions  of  the 
meter  cups  in  a  10-sec  interval  (which  represented  a  period  of  about 
8  min  prototype)  as  compared  with  about  a  1-nin  observation  in  the 
prototype.  The  horizontal  spread  of  the  entire  cup  wheel  was  about 
0.11  ft  (55  ft  prototype)  as  compared  with  less  than  1.0  ft  for  the 
prototype  meter.  Thus,  the  distortion  of  areas  (model  to  prototype) 
results  in  comparison  of  prototype  point  velocities  with  model  mean 
velocities  for  a  much  larger  area.  The  same  is  true  for  the  vertical 
area,  since  the  height  of  the  meter  cups  was  about  0.01  ft  (h.O  ft 
prototype)  as  compared  with  only  a  few  inches  for  the  prototype  meter. 


•Bat  accuracy  of  the  ******  velocity  wrier  is  sheet  j[0.50  t§&  £proto*y?e) 
£a  the  lower  velocity  ranges  and  about  *D-25  S$w  ([prototype)  ia  the 
higher  velocity  ranges. 

£2.  la  fixed -bei  sfooeliwg  tests,  it  is  aot  possible  to  rcprodace 
bed  and  bank  scaur.  TSaas  bardt  erosion,  bank  slough*  mr,  aew  scour  bales, 
etc-,  are  not  *T?»xxlarrfl  ^  t*a  the  nodel-  Should  asy  of  these  particular 
g&enoaega  occur  ia  the  prototype,  they  would  create  a  source  of  aew 
sediments,  vbich  could  cause  a  significant  iaerease  ia  ehassel  shoaling. 
Use  accuracy  of  the  node!  shoaling  tests  is  ©oesidered  to  be  about 
+10  percent,  siaee  that  is  the  licit  of  the  accuracy  of  repeating 
identical  tests. 


Discussion  of  Desalts  of  Verification  Tests 


b 9-  Agreement  between  model  and  prototype  parnonraa,  as  evidenced 
by  the  results  of  hydraulic  and  shoaling  verification  data,  appeared  to 
be  excellent.  She  model  was  considered  to  be  sufficiently  similar  to 
Its  prototype  that  it  could  be  used  with  confidence  in  quantitative 
studies  of  the  effects  of  proposed  Irprorenent  plans  on  hydraulic 
phenomena  and  vould  be  reasonably  reliable  in  determining  qualitative 
effects  vita  regard  to  shoaling  phenomena. 
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PAST  IV:  TESTS  AID  RESULTS 


Test  Ccaditicas 

50-  As  a  basis  for  determining  the  charges  to  be  expected  as  a 
result  of  eciastruetijsg  iagganoaenaeBt  wants  aad/or  enlarging  the  navigation 
cbaaesel,  information  was  retired  ots  the  hydraulic  and  shoaling  charac¬ 
teristics  of  the  conditions  investigated.  Consequently  neasareneots  of 
tidal  elevations  and  surface  and  subsurface  velocities,  observations  of 
surface  current  patterns,  and  identical  shoaling  tests  were  aade  for 
each  cooiitiou  tested. 

51.  All  tests  were  for  conditions  of  the  spring  tide  of  %-5 
September  19^3  (plates  1  and  2),  which  had  a  diurnal  range  of  20.6  ft. 
The  tributary  inflows  were  as  follows:  Mendenhall  River,  3000  cfs; 

Lemon  Creek,  1000  cfs;  Pish  Creek,  300  cfs;  and  Sweitzer  Creek,  75  cfs. 
The  model  was  operated  with  fresh  water  only,  since  analysis  of  proto¬ 
type  data  indicated  that  saltwater-generated  density  currents  have  no 
significant  effect  on  the  hydraulic  or  shoaling  phenomena  of  the  area. 
Except  for  the  navigation  channel,  the  iwfel  was  molded  to  conform  to 
1963  prototype  hydrography.  During  the  testing  phase  of  the  model  study, 
the  navigation  channel  was  molded  to  the  design  condition  being 
investigated. 


Types  of  Data  Obtained 

52-  Hydraulic  data  obtained  consisted  of  tidal  elevations  mea¬ 
sured  at  half-hour  (prototype)  intervals;  current  velocities  obtained  at 
half-hour  (prototype)  intervals  at  3  ft  below  the  surface ,  middepth,  and 
5  ft  above  the  bottom;  and  surface  current  patterns  recorded  by  means  of 
photographs  taken  at  hourly  (prototype)  intervals.  Velocity  measurements 
were  made  at  sta  1-4,  which  were  all  located  along  the  center  line  of 
the  navigation  channel.  Shoaling  tests  were  made  tc  determine  both  the 
rate  and  distribution  pattern  of  shoaling  in  the  navigation  channel. 

53-  Surface  current  patterns  were  photographed  throughout  the 
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tidal  cycle.  Tbe  pfertcgrussfes  wvre  ti«e-l*|sse  exposures  cf  confetti 
flmting  eras  t&e  vator  surface.  A  brigfct  light  was  flashed  immediately 
lefcrc  the  camera  lees  was  closed,  resultiEg  in  a  bright  spot  at  apjnrcar- 
intatoly  the  end  of  each  confetti  streak  which  indicates  the  direction  of 
flow,  ©srrwjrt  velocities  can  he  determined  by  Measuring  the  lengths  of 
confetti  streaks  and  comparing  the  lengths  with 'the  velocity  scales  pro¬ 
vided  in  the  photograrehs.  In  addition  to  sa.-face  current  patterns,  the 
waterline  is  also  shown  in  the  photographs.  Surface  current  photographs 
taken  at  hourly  intervals  for  each  condition  tested  were  furnished  the 
Alaska  District,  hut  only  selected  photographs  of  each  condition  axe  in¬ 
cluded  in  this  report. 


Conditions  Tested 


54.  It  was  assured  tost  any  improvement  plan  actually  constructed 
in  the  prototype  would  include  redredging  the  navigation  channel  to  de¬ 
sign  conditions.  Thus,  for  the  base  test  condition  the  channel  was 
molded  to  design  conditions  (4  ft  deep  by  75  ft  vide).  Py  conducting  a 
shoaling  test  of  this  base  condition,  it  was  possible  to  determine  the 
shoaling  rate  and  distribution  pattern  in  the  design  channel  without  the 
effects  of  side  sloughing.  The  four  improvement  plans  tested  with  the 
existing  navigation  channel  consisted  of  variations  of  the  impermeable 
north  dike  proposed  by  the  Committee  on  Tidal  Hydraulics.  These  plans 
are  shown  in  fig.  12.  Plan  1  consisted  of  a  26,850-ft-long  dike.  The 
plan  2  dike  was  24,350  ft  long,  having  been  shortened  by  2500  ft  on  the 
Juneau  end.  For  plan  3 5  the  dike  of  plan  2  was  shortened  by  5000  ft  on 
the  Fritz  Cove  end,  resulting  in  a  19, 350- ft- long  dike.  For  plan  4,  the 
dike  of  plan  3  was  shortened  an  additional  2100  ft  on  the  Fritz  Cove 
end,  resulting  in  a  17, 250- ft- long  dike,  and  Fish  Creek  was  diverted 
from  the  navigation  channel  directly  into  Fritz  Cove.  The  best  plan 
tested  (plan  4)  was  then  tested  with  two  possible  enlarged  navigation 
channels.  Plan  5  consisted  of  a  12-ft-deep  by  150-ft-vide  channel  with 
no  supplemental  improvements,  while  plan  6  consisted  of  the  same  channel 
with  proposed  improvements  of  plan  4.  Plan  7  consisted  of  a  30-ft-deep 
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Fig.  12.  Elements  of  proposed  north  dike  plans  1-4 

by  300-ft-wide  channel  with  no  supplemental  improvements,  while  plan  8 
consisted  of  the  same  channel  with  the  proposed  improvements  of  plan  4. 


Base  Test 


55.  Base  test  conditions  were  essentially  the  same  as  those  for 
hydraulic  and  shoaling  verification,  except  that  the  navigation  channel 
was  molded  to  the  original  design  dimensions  of  4  ft  deep  and  75  ft 
wide.  A  comparison  of  the  profiles  of  these  two  channel  conditions  is 
shown  in  fig.  13 .  The  average  deepening  over  the  entire  length  of  the 
navigation  channel  was  4.5  ft.  However,  between  sta  1  and  2  and  between 
sta  3  and  4  the  average  deepening  was  5*9  ft. 

56.  The  shoaling  index,  which  appears  at  the  bottom  of  tables  2, 

3,  5,  7,  and  8,  is  defined  as  the  total  amount  of  material  recovered  for 
a  test,  divided  by  the  total  amount  of  material  in  some  different  test  to 
which  the  former  is  to  be  referenced.  Thus,  the  shoaling  index  for  any 
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Fig.  13.  Channel  bottom  profiles,  design  and  1963  conditions 

test,  as  compared  with  existing  conditions,  can  be  determined  by  divid¬ 
ing  the  total  amount  of  material  recovered  for  that  test  by  the  total 
amount  recovered  for  the  shoaling  verification  test.  An  index  greater 
than  100  percent  indicates  an  increase  in  shoaling  as  a  result  of  the 
condition  tested;  conversely,  an  index  less  than  100  percent  indicates 
that  the  condition  tested  would  reduce  shoaling.  Changes  on  the  order 
of  plus  or  minus  10  percent  are  considered  to  be  within  the  limits  of 
accuracy  of  repeating  identical  tests  and  thus  are  not  considered 
significant. 

57.  The  results  of  the  shoaling  base  test  are  presented  in 
table  2  ani  plate  14.  The  shoaling  rate  for  the  base  test  was  U3.3 
percent  greater  than  that  observed  in  the  shoaling  verification,  and 
the  areas  experiencing  the  greatest  increases  were  sections  6  and 
10-14.  Jordan  Creek  enters  the  channel  in  section  6,  and  Sweitzer 
Creek  enters  in  the  center  of  sections  10-l4.  The  latter  area  also 
brackets  the  nodal  point  of  the  tidal  currents. 

58.  Tidal  elevations  measured  during  the  base  test  are  compared 
with  those  of  the  model  verification  in  plates  15  and  16.  The  tides  at 
sta  7  and  21,  which  were  located  near  each  end  of  the  model,  were  not 
greatly  affected  by  the  changed  channel  conditions.  At  sta  7,  the  ele¬ 
vations  of  the  high  and  low  waters  were  decreased  by  about  0.1  to  0.3  ft. 
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At  sta  21,  the  time  phasing  of  the  base  test  tide  was  generally  about 
10  to  15  min  earlier  than  that  of  the  verification  tide,  the  elevation 
of  higher  low  water  was  decreased  by  about  0.3  ft,  and  the  elevation 
of  higher  high  water  was  increased  by  about  0.3  ft.  However,  at  the 
gages  located  near  the  center  of  the  model  (sta  l4  and  18),  the  shape 
of  the  tide  curves  was  considerably  altered  because  deepening  the  chan¬ 
nel  allowed  the  low-water  elevations  at  these  stations  to  decrease  by 
3.5  to  6.5  ft. 

59*  Comparisons  of  the  verification  and  base  test  velocities  at 
sta  1-4  are  presented  in  plates  17-20.  Maximum  ebb  velocities  fere  in¬ 
creased  by  0.75  to  1-50  fps  at  sta  1  and  were  reduced  by  0.25  to  1.25  fps 
at  sta  3  and  4.  Maximum  east  (generally  ebb)  velocities  at  sta  2  were 
increased  by  1.0  to  1.75  fps.  Maximum  flood  velocities  were  increased 
by  1.0  to  2.0  fps  at  sta  1  and  4  and  were  reduced  by  0.75  to  1.0  fps  at 
sta  3.  Maximum  west  (generally  flood)  velocities  at  sta  2  were  reduced 
by  0.75  to  1.0  fps.  During  the  base  test,  and  in  all  subsequent  tests, 
the  location  of  sta  2  was  moved  to  a  point  1000  ft  (prototype)  west  of 
its  original  position  (fig.  l4).  This  was  done  to  avoid  the  center  of 
the  large  eddy  formation  in  the  immediate  vicinity  of  the  original  lo¬ 
cation  of  sta  2.  Surface  current  patterns  at  hourly  intervals  through¬ 
out  the  tidal  cycle  are  shown  in  photos  8-32. 

Dike  Tests 

60.  Plans  1-4  consisted  primarily  of  impermeable  dikes  with  a  top 
elevation  of  about  +25  ft  mllw  situated  on  the  alignment  proposed  by  the 
Committee  on  Tidal  Hydraulics.  This  alignment  varied  from  about  500  to 
1500  ft  north  of  the  navigation  channel  and  incorporated  the  spoil  banks 
created  during  construction  of  the  navigation  channel.  The  dikes  of 
plans  1-4  varied  in  length  from  26,850  to  17,250  ft  and  are  shown  in 
fig.  12.  It  was  decided  by  the  Alaska  District  not  to  investigate  any 
of  the  proposed  alternate  dike  layouts.  These  alternate  dikes  were  to 
have  been  connected  to  the  existing  bankline  for  the  purpose  of  land 
reclamation  behind  the  dike.  During  the  shoaling  tests  of  the  various 


Fig.  14.  Revised  location  of  velocity  sta  2  and 
location  of  Lemon  Greek  tide  gage 


dike  plans,  sediment  placed  in  the  model  at  the  initial  injection  area 
and  the  Jordan  Creek  injection  area  (see  fig.  10)  was  divided  so  that 
half  the  material  injected  in  each  of  these  areas  was  placed  on  each 
side  of  the  dike.  This  was  done  to  ensure  that  a  supply  of  sediment 
would  be  available  to  the  navigation  channel  even  though  the  dike 
separated  the  channel  from  the  major  portion  of  the  tidal  flats. 

Plan  1 

61.  Plan  1  consisted  of  a  26,850- ft- long  dike  as  shown  in 
fig.  12.  The  results  of  the  shoaling  test,  presented  in  table  3  and 
plate  21,  show  that  the  plan  1  dike  caused  a  reduction  in  channel  shoal¬ 
ing  of  83.2  percent. 

62.  Tidal  observations  for  plan  1  are  presented  in  plates  22-24. 

A  new  tide  gage  location  was  established  in  the  Lemon  Creek  area  behind 
the  dike  (fig.  14)  to  determine  the  effects  of  the  proposed  dikes  on 
tidal  action  in  that  vicinity.  Tidal  elevations  throughout  the  entire 
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tidal  cycle  were  not  significantly  affected  at  sta  7,  nor  were  tne  high- 
water  elevations  at  the  other  gages  throughout  the  model;  however,  the 
low-water  elevations  at  the  other  stations  in  the  navigation  channel 
(sta  l4,  18,  and  ?l)  were  increased  by  0.4  to  0.7  ft  and  at  the  Lemon 
Creek  gage  by  3*2  ft.  The  measurements  at  the  Lemon  Creek  gage  indicate 
that  extensive  areas  behind  the  dike  will  remain  flooded  at  the  time  of 
low  water,  instead  of  completely  draining  into  the  navigation  channel  as 
occurs  for  existing  conditions.  Velocity  observations  are  presented  in 
plates  25-28.  Maximum  ebb  velocities  at  all  three  depths  at  sta  1  were 
decreased  by  0.5  to  1.0  fps,  and  maximum  east  velocities  were  increased 
by  1.0  to  1.5  fps  at  middepth  and  bottom  at  sta  2.  No  significant 
changes  in  velocity  were  observed  at  sta  3  and  4. 

63.  Photos  33  and  34  (surface  current  patterns)  were  taken  at  the 
time  of  higher  high  water  (hhw)  and  lower  low  water  (llw) ,  while  photos 
35  and  36  are  most  representative  of  strength  of  ebb  and  strength  of 
flood  conditions.  Comparison  of  photo  33  with  photo  22  shows  that  plan  1 
did  not  cause  any  significant  change  in  the  waterline  at  hhw.  On  the 
other  hand,  comparison  of  photos  34  and  28  shows  that  plan  1  will  cause 
extensive  areas  behind  the  dike  to  remain  flooded  at  the  time  of  llw. 

Seven  areas  were  determined  throughout  the  mode],  which  might  be  subject 
to  the  most  significant  changes  in  velocity  as  a  result  of  the  dike 
plans  and  are  shown  in  fig.  15.  Maximum  surface  velocities  within  each 
of  these  areas,  but  outside  the  navigation  channel,  are  presented  in  ta¬ 
ble  4.  Velocities  in  areas  that  were  constricted  by  the  dike  (areas  1, 

3,  and  5)  were  significantly  higher  for  plan  1  than  for  the  base  test. 
Furthermore ,  the  region  of  highest  velocity  in  area  1  was  much  closer 
to  the  bankline  for  plan  1  than  for  the  base  test.  Conversely,  veloci¬ 
ties  were  generally  reduced  between  the  uike  and  Douglas  Island  (areas  2, 

4,  and  6).  Velocities  between  the  dike  and  Mendenhall  Peninsula 
(area  7)  were  unchanged.  Photo  37  shows  the  crosscurrents  that  devel¬ 
oped  along  the  navigation  channel  during  the  flood  phase  of  tide  in 
area  4  and  at  the  east  end  of  the  dike.  On  the  other  hand,  the  existing 
crosscurrents  at  the  mouth  of  Sweitzer  Creek  (as  shown  in  photos  8  and  11) 
were  essentially  eliminated  by  the  dike. 
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Fig.  15.  Locations  of  areas  subject  to  velocity  changes 

as  a  result  of  dike  plans 
» 

Plan  2 

64.  It  was  believed  that  the  velocities  for  plan  1  conditions 

! 

which  occurred  between  the  east  end  of  the  dike  and  the  bankline  were 
too  high  and  would  cause  extensive  Scour  in  that  area.  Thus,  the  length 
of  the  dike  was  reduced  for  plan  2  by  2500  ft  on  the  Juneau  end.  1  This 
considerably  increased  the!  cross-sectional  area  at  the  constriction  be¬ 
tween  the  end  of  the  dike  and  the  bankline.  Plan  2  thus  .consisted  of  a 

‘  i 

24,350-ft-long  dike  (fig.  12).  The  results  of  the  shoaling  test  for  this 
plan  are  presented' in  table  3  and,plate  21  and  indicate' that  the  reduc¬ 
tion  in  the  dike  length  increased  shoaling  by  only  1.9  percent  as  com¬ 
pared  with  plan  1,  or  a  total  reduction  of  81.3  percent  as  compared  with 
t.  ;  base  test.  Although  the  difference  in  shoaling  test  results  between 

I 

plans  1  and  2  is  too  small  to  be  considered  significant,  the  increase 
occurred  near  the  Juneau  end  of  the  channel  as  was  to  be  expected. 
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o5-  Results  of  tidal  elevation  ae&surenents  are  presented  in 
plates  22-24.  Bo  significant  changes  occurred  at  the  navigation  channel 
gages  (sta  7,  14,  18,  and  21)  as  coopered  with  plan  1.  At  the  Lesson 
Creek  gage,  both  the  low-  and  high-water  elevations  for  plan  2  were  0.2 
to  0.5  ft  lower  than  for  plan  1.  Because  of  the  relatively  aiinor  change 
in  model  conditions  for  plan  2  as  compared  with  plan  1,  no  velocity 
measurements  were  Bade  for  plan  2. 

66.  Because  of  the  limited  nature  of  the  difference  between 
plans  1  and  2,  surface  current  photographs  for  plan  2  were  Bade  only  for 
.the  immediate  area  around  the  Juneau  end  of  the  dike.  Photos  38  and  39 
were  made  at  the  times  of  hhw  and  llw,  respectively.  Ho  appreciable 
differences  were  noted  between  these  and  the  corresponding  plan  1  photos 
3?  and  3^»  Maximum  velocities  observed  in  areas  1  and  2  are  presented 
in  table  4.  Maximum  ebb  velocities  in  area  1  were  2.0  fps  less  than  for 
plan  1,  while  maximum  ebb  and  flood  velocities  in  area  2  were  about 

0.5  fps=  greater  than  for  plan  1.  The  length  of  bankline  in  area  1  which 
was  subject  to  relatively  high  velocities  was  considerably  less  for 
plan  2  them  for  plan  1.  Photos  40  and  4l  are  the  most  representative  of 
strength  of  ebb  and  strength  of  flood  conditions.  Photo  42  shows  the 
crosscurrent  that  developed  near  the  end  of  the  dike.  This  is  essen¬ 
tially  the  same  pattern  that  developed  for  plan  1  (photo  37^ - 

'  Plan  3 

67.  During  tests  of  plans  1  and  2,  it  appeared  that  the  Fritz 
Cove  (western^  end  of  the  dike  was  not  serving  any  useful  purpose.  This 

'.portion  of  the  dike  was  well  aligned  with  the  existing  flow  patterns 
and  thus  did  not  seem  to  have  any  effect  on  current  velocities,  current 
patterns,  or  sediment  transport.  The  flow  in  that  region  is  determined 
by  a  natural  ridge  along  which  about  12  spoil  banks  are  located.  Very 
little  flow  passes  between  these  spoil  banks  for  existing  conditions 
(photos  8-32).  It  was  therefore  decided  to  remove  5000  ft  from  the 
Fritz  Cove  end  of  the  plan  2  dike  to  determine  if  the  dike  could  be 
shortened  without  increasing  the  shoaling  rate.  The  plan  3  dike  was 
thus  19,350  ft  long  (fig.  IP’l .  The  shoaling  test  results  are  presented 
in  table  3  and  plate  ?9*  Channel  shoaling  was  reduced  by  3*9  percent 
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as  compared  with  plan  2,  which  cannot  be  considered  a  significant 
change,  or  a  total  reduction  of  85.2  percent  as  compared  with  base  condi¬ 
tions.  The  reduction  in  shoaling  as  compared  with  plan  2  actually  oc¬ 
curred  in  the  Juneau  end  of  the  channel,  which  does  not  seen  reasonable 
since  the  reduction  in  dike  length  was  at  the  other  end  at  the  dike. 

68.  Tidal  elevation  Measurements  are  presented  in  plates  30-32. 

By  comparing  these  with  plates  22-24,  it  is  seen  that  the  high-  and  lew- 
water  elevations  for  plan  3  are  generally  about  0.2  to  0.5  ft  lower  than 
for  plan  1  at  the  navigation  channel  gages.  At  the  Lemon  Creek  gage, 
high-water  elevations  are  0.3  to  0.4  ft  lower  than  those  in  plan  1  and 
low-water  elevations  are  the  sane  as  in  plan  1-  Apparently  the  model 
tidal  plane  for  this  test  was  erroneously  set  about  0.3  ft  too  low.  Ho 
velocity  measurements  were  made  for  this  plan. 

69-  Surface  current  photographs  were  made  only  at  the  Fritz  Cove 
end  of  the  navigation  channel,  since  the  dike  modification  involved  in 
this  plan  was  limited  to  that  vicinity.  Photos  43  and  44  were  taken  at 
the  times  of  hhw  and  llw  and  show  no  significant  differences  as  com¬ 
pared  with  the  corresponding  plan  1  photos  33  and  34.  Maximum  veloci¬ 
ties  observed  in  areas  6  and  7  are  presented  in  table  4.  Maximum  ebb 
velocities  in  area  6  were  increased  by  1.0  fps  as  compared  with  plan  1, 
while  maximum  flood  velocities  were  reduced  by  1.0  fps.  Maximum  veloci¬ 
ties  in  area  7  were  the  same  for  plans  1  and  3*  Photos  43  and  45  are 
the  most  representative  of  strength  of  ebi  and  strength  of  flood  condi¬ 
tions,  respectively. 

Plan  4 

70.  From  visual  observations  made  during  plan  3,  it  was  decided 
that  the  western  2100  ft  of  the  dike  was  not  effective  in  reducing  chan¬ 
nel  shoaling.  Thus  for  plan  4,  the  dike  was  shortened  by  2100  ft  on  the 
Fritz  Cove  end,  leaving  a  total  dike  length  of  17,250  ft.  In  addition, 
it  was  observed  that  Fish  Creek  seemed  to  be  contributing  a  significant 
amount  of  sediment  to  the  Fritz  Cove  end  of  the  navigation  channel  in 
sections  1-3.  Therefore,  it  was  decided  to  plug  the  mouth  of  Fish  Creek 
where  it  enters  the  navigation  channel  and  divert  its  flow  directly  to 
P’rijtz-  Cove.^Jhe  elements  of  plan  4  are  shown  in  fig.  12.  Results  of 
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Use  plan  4  shoaling  test  are  presented  in  table  3  and  plate  29-  The 
reduction  in  dike  length  and  diversion  of  Fish  Creek  of  plan  k  caused 
a  reduction  in  shoaling  of  5.3  percent  as  compared  with  plan  3*  While 
a  difference  in  shoaling  index  of  this  aagpitade  should  not  be  coe- 
side  red  significant,  it  is  important  to  note  that  in  the  area  where 
the  dike  shortening  and  Fish  Creek  diversion  were  accomplished  (shoal¬ 
ing  sections  141 ,  there  was  a  reduction  in  shoaling  of  4.6  percent. 

The  total  reduction  in  shoaling  for  this  plan  as  composed  with  base 
conditions  was  90-5  percent. 

71-  Because  of  the  very  winor  differences  between  the  elements 
of  plans  3  and  4,  no  tidal  elevation  neasureuents  were  wde  for  plan  4. 
Current  velocities  were  Measured,  however,  because  no  such  aeasure- 
sents  were  wade  for  plans  2  and  3-  Current  velocities  for  plan  4  at 
sta  1-4  are  presented  in  plates  25-28.  Compared  with  base  conditions, 
the  only  significant  increases  in  naxiuua  velocities  occurred  at  the 
surface  and  rdddepth  of  sta  2,  which  were  increased  by  2.0  and  1.0  fps. 
Maximum  ebb  velocities  at  sta  1  were  reduced  by  1.25  to  2.5  fps,  and 
maximum  surface  and  middepth  flood  velocities  at  sta  3  were  reduced 
by  1.25  and  1.0  fps. 

72.  Surface  current  photographs  were  made  for  that  portion  of  the 
model  between  the  western  end  of  the  plan  4  dike  and  Fritz  Cove.  Photos 
46  and  47  were  made  at  the  times  of  hhw  and  llw  and  show  r.o  significant 
differences  as  compared  with  either  base  test  (photos  22  and  28)  or 
plan  1  (photos  33  and  34)  conditions.  Table  4  shows  the  maximum  current 
velocities  observed  in  areas  5-7.  Maximum  ebb  velocities  in  area  5  were 
3.0  fps  greater  than  those  for  the  base  test,  and  those  in  area  6  were 
1.0  fps  greater  than  for  the  base  test.  Maximum  flood  velocities  in 
areas  5  and  6  and  maximum  ebb  flood  velocities  in  area  7  were  not  sig¬ 
nificantly  different  from  those  for  the  base  test.  Photos  48  and  49  are 
the  most  representative  of  strength  of  ebb  and  strength  of  flood  con¬ 
ditions,  respectively. 

Discussion 

73-  Based  primarily  on  the  shoaling  test  results,  it  was  decided 
that  plan  4  was  the  best  plan  tested.  This  plan  caused  the  greatest 


35 


43 


yw£fflcti®ts  is  s2uB*liEg  iS&.y  jerfcast)  aa£  fe*4  tS*  sfearbest  lasgto  <sf  iik*. 
If  the  Fish  Greek  dSversice  bad  tees  iaetaaSed  is  the  ether  placs,  it  is 
ieliewi  that  gfeaaliag  far  glass  1-3  would  Saw*e  bees  reduced  fey  afeotst 
>.©  gercest.  Thas  the  result*  of  all  shoaling  tests  weald  haw  feees  es¬ 
sentially  the  same.  'She  srimry  feesefit  of  glass  %  as  euaaeared  with 
gists  1-3  is  therefore  its  lower  cess  traction  cost. 

Th.  Bather  high  velocities  adjacent  to  the  fcankline  can  fee  ob¬ 
served  in  the  ghotogragfes  ia  areas  1,  3*  *®4  y  and  aloeg  the  face  of  the 
dike  near  either  end.  These  will  require  sane  sort  of  feanh  protection 
to  ensure  stability.  It  is  believed  that  the  crosscurrents  which  occur 
near  the  Juneau  end  of  the  dike  are  not  strong  enough  to  hamper  navi¬ 
gation  of  the  type  vessels  which  normally  use  Qastinean  Channel,  nor 
do  current  velocities  seem  to  have  been  increased  sufficiently  in  any 
area  to  hamper  navigation. 

Channel  Stalargement  Tests 

75-  Plans  5-8  consisted  of  enlargement  of  the  navigation  channel, 
combined  with  either  the  elements  of  plan  k  or  existing  conditions.  The 
enlarged  channel  dimensions  investigated  were  12  ft  deep  at  nllw  by 
150  ft  wide,  and  30  ft  deep  at  allw  by  300  ft  wide.  The  existing  proj¬ 
ect  dimensions  are  U  ft  deep  at  nllv  (including  overdepth  dredging)  by 
75  ft  wide.  Tests  of  an  enlarged  channel  in  combination  with  the  rest 
dike  plan  developed  was  a  logical  extension  of  the  testing  program, 
since  material  dredged  from  the  channel  could  be  used  to  construct  the 
proposed  dike.  It  seems  reasonable  to  assume  that  when  the  proposed 
dike  is  constructed,  the  navigation  channel  will  be  redredged  at  least 
to  the  existing  project  dimensions.  Since  such  a  maintenance  dredging 
operation  would  not  furnish  sufficient  material  with  which  to  complete 
construction  of  the  proposed  dike,  it  would  appear  that  the  dike  mate¬ 
rial  could  be  economically  provided  by  dredging  a  larger  channel.  The 
alignment  of  the  navigation  channel  east  of  the  existing  project  was 
not  shown  on  any  of  the  maps  furnished  by  the  Alaska  District.  The 
ftlignmen^^sed  for  this  portion  of  the  navigation  channel  was  the  best 
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ftliifct  aatsH  a*  fEtteJ  £2  tlx  t&rtBwear  ®f  eadstjag  efasmel. 

15-  fey  15<$-ffS  cgrjggtSatt  e*mmel 

T&.  F£a*  5  emsairfrwl  «f  £  15-  by  15©-ft  osrigstiflE  ebssBct  with 
o®  gggg£g»«ste>l  ZwcaTtmaaests  ltl&.  1*51.  T£»  rwclti  <s£  tlx  sSwslieqg 


test  for  plan  5  are  presented  in  table  5  and  plate  33-  Enlargement  of 
the  navigation  channel  without  providing  any  other  improvement  works 
would  increase  channel  shoaling  by  about  4h.8  percent.  Shoaling  was 
actually  reduced  at  both  ends  of  the  channel  but  was  greatly  increased 
in  the  Jordan  Creek  and  the  Sweitzer-Lemon  Creek  areas.  For  plans  5-8 
an  additional  shoaling  section  (section  17)  is  shown.  This  section  was 
added  because  deepening  the  channel  would  require  lengthening  the 
dredged  channel  on  the  Juneau  end. 

77.  Measurements  of  tidal  elevations  are  presented  in  plates 
3U-36.  The  enlarged  channel  caused  only  minor  changes  in  tidal  heights 
at  sta  7  and  Lemon  Creek  compared  with  base  test  conditions,  but  the 


37 


*  — 
<0 


lsw-w»aer  elevmtices  at.  sta.  1^,  l8,  act  21  were  rriacrt  try  0.7  to  3.2  ft. 
Thus,  tor  flag  5  toe  law-water  derail ces  were  equal.  torgeghcut  toe 
leeagto  of  toe  ciasofL  Telocity  observances  are  presented  is  plates 
37-%0.  Modmaat  ebb  velocities  at  all  defies  at  sta  1  aad  (which  are 
located  sear  toe  ends  of  toe  cbaszsell  were  generally  reduced  by  0.5  to 
2-25  fps,  visile  fxinrrr  flood  velocities  at  toese  statioes  were  gener¬ 
ally  reduced  by  1.25  to  2.5  f$s-  “toese  large  redactions  is  maximum  ve¬ 
locity  were  to  be  expected,  because  toe  flow  area  at  toe  tines  of  mauei- 
nun  current  is  limited  primarily  to  the  navigation  channel:  thus,  the 
flow  area  was  greatly  increased  with  a  corresponding  decrease  is  veloc¬ 
ity.  Maximum  surface  and  middepth  ebb  velocities  at  sta  3  (which  is  lo¬ 
cated  is  the  central  portion  of  the  channel)  were  increased  by  1.0  fps, 
while  the  maximum  bottom  ebb  velocities  were  unchanged  at  this  station. 
Maximum  surface  asd  middepth  flood  velocities  at  sta  3  were  also  in¬ 
creased  by  1.0  fps.  At  sta  2.  maximum  surface  asd  middepth  east  veloc¬ 
ities  were  increased  by  0.5  to  1-75-  Maximum  surface  west  velocities  at 
sta  2  were  increased  by  1.25  fps.  It  is  probable  that  the  increase  in 
velocities  at  these  two  stations  (sta  2  and  3)  «*s  caused  by  increases 
efficiency  of  the  channel.  This  view  is  supported  by  the  fact  that  the 
time  of  Maximum  velocities  with  the  enlarged  channel  was  generally  con¬ 
siderably  earlier  (as  much  as  3  hr)  than  for  the  existing  channel. 

78.  Photos  50  and  51  show  the  surface  current  patterns  at  the 
tines  of  hhw  and  llw  and  indicate  no  change  in  the  waterline  as  compared 
with  base  test  conditions  (photos  22  cud  28' .  Maximum  surface  veloc¬ 
ities  in  the  areas  shown  in  fig.  15  (tut  outside  the  navigation  channel) 
as  determined  from  the  photographs  are  presented  in  table  6.  Maximum 
i irface  velocities  in  the  areas  at  both  ends  of  the  navigation  channel 
(areas  1,  2,  and  6)  were  generally  decreased;  conversely,  maximum  sur¬ 
face  velocities  in  the  areas  near  the  central  portion  of  the  channel 
(areas  3j  k,  and  5)  were  generally  increased.  These  are  the  same  trends 
determined  from  the  velocity  measurements  in  the  navigation  channel  (see 
plates  37-40).  Photos  52  and  53  are  the  roost  representative  of  strength 
of  ebb  and  strength  of  flood  conditions,  respectively.  The  only  appre¬ 
ciable  change  in  current  patterns  observed  for  plan  5  was  the  occurrence 


of  a.  sli#t  eddy  on  t&e  flood  phase  of  the  tide  Just  west  of  the  Booth 
of  Jordan  Creek-  This  eddy  is  shown  in  photo  5k,  and  the  corresponding 
’cue  test  current  pattern  is  shown  in  photo  21. 

79-  Plan  6  consisted  of  the  12-  by  150- ft  navigation  channel  in 
confcinatiae  with  the  elements  of  plan  4,  that  is.  the  17,250-ffc-long 
dike  am  diversion  of  Fish  Creek-  This  plan  is  also  shown  in  fig.  1 6. 

The  results  of  the  plan  6  shoaling  test  are  presented  in  table  7  and 
plate  41.  the  eleaests  of  plan  6  reduced  shoaling  by  VH.4  percent,  as 
compared  with  the  enlarged  channel  of  plan  5  without  any  other  iaqnove- 
aents.  Shoaling  was  very  light  throughout  the  channel,  except  at  the 
Juneau  end.  Heavy  shoaling  was  observed  in  section  17;  however,  this 
section  is  quite  long  (3700  ft)  so  the  Material  would  be  spread  over  a 
large  area.  On  the  basis  of  shoaling  rate  per  unit  area,  the  3(45  cc 
recovered  in  section  17  corresponds  to  about  5*5  cc  per  1000  sq  ft 
(prototype)  of  bottom  surface  area  in  the  navigation  channel.  Referring 
to  the  results  of  the  shoaling  verification,  it  was  found  that  the 
shoaling  rates  per  unit  area  in  sections  5  and  13  were  5-9  and  5.7  cc 
per  1000  sq  ft  (prototype),  respectively.  Based  on  the  end-are*  cross 
sections  described  in  paragraph  39,  the  average  depth  of  fill  in  sec¬ 
tions  5  and  13  during  the  2-yr  period  1961-63  was  3  to  4  ft.  Since  it 
is  obvious  that  the  shoaling  in  section  17  would  not  be  uniform,  it  is 
assumed  that  the  isaxinuD  depth  of  fill  would  be  on  the  order  of  6  ft 
over  a  period  of  2  yr.  Since  previous  tests  had  shown  that  an  easterly 
extension  of  the  dike  would  create  excessive  velocities  between  the  dike 
and  the  bankline,  no  such  plan  was  investigated  to  reduce  shoaling  in 
section  17-  It  is  believed  that  improvement  of  th*»  L-.mon  Creek  channel 
to  deep  water  beyond  the  eastern  end  of  the  navigation  channel  would  re¬ 
sult  in  reduced  shoaling  in  section  17,  but  no  test  was  conducted  of 
such  a  plan. 

80-  Obser\ations  of  tidal  elevations  are  presented  in  plates  3^-36. 
No  significant  changes  were  observed  at  the  gages  located  along  the 
navigation  channel  as  compared  with  plan  5 j  and  the  changes  at  the  Lemon 
Creek  gage  were  typical  of  the  changes  observed  for  all  previous  dike 
plans.  Results  of  the  velocity  measurements  are  shown  in  plates  37-^0. 


Compared  witii  plan  5,  the  significant  changes  in  waxiann:  velocities  ob¬ 
served  in  plan  6  were  as  follows:  at  sta  1,  the  nasi  wow  surface  flood 
velocity  was  reduced  by  0.5  fp*,  while  the  war! mm*  niddepth  flood  veloc¬ 
ity  was  increased  by  0.5  fps;  at  sta  2,  the  aruun  surface  east  veloc¬ 
ity  was  reduced  by  0.5  fps,  maadam  mddeptb  and  botton  east  velocities 
were  increased  by  1.23  fps,  and  aaxinun  surface  and  botton  west  veloc¬ 
ities  were  reduced  by  1.3  and  0.5  fps,  respectively;  at  sta  3,  wariama 
ebb  velocities  were  reduced  by  0.3  fps,  while  Mariana  flood  velocities 
were  increased  by  0.3  to  2.0  fps;  and  at  sta  4,  Maxima  ebb  velocities 
were  reduced  by  0.3  to  1.23  fps,  while  meadmm  flood  velocities  were  in¬ 
creased  by  0.5  to  1.0  fps. 

81.  Photos  55-60  show  surface  current  patterns  for  plan  6. 

Photo  55  shows  conditions  at  the  time  of  hhv.  Comparison  of  photos  55 
and  30  indicates  that  there  is  no  difference  in  the  waterlines  for  con¬ 
ditions  of  plans  3  and  6;  on  the  other  hand,  photo  36,  which  was  taken 
at  the  time  of  llw,  indicates  extensive  areas  behind  the  plan  6  dike 
will  remain  flooded  rather  than  becoming  completely  exposed  as  in  plan  5 
(photo  51)-  Maximus  surface  velocities  in  the  areas  shown  in  fig.  15 
(but  outside  the  limits  of  the  navigation  channel)  are  presented  in  ta¬ 
ble  6.  Compared  with  plan  5,  the  maxims  ebb  velocity  observed  between 
the  Juneau  end  of  the  dike  and  the  bankline  (area  1)  was  increased  from 
3.0  to  5-5  fps,  the  maximum  ebb  velocity  observed  between  the  dike  and 
the  seaplane  basin  (area  5)  was  increased  from  1.5  to  3.5  fps,  while 

the  maximum  ebb  velocity  observed  near  the  mouth  of  Jordan  Creek  (area  4) 
was  reduced  from  4.5  to  1.5  fps.  Photos  57  and  58  are  the  most  repre¬ 
sentative  of  surface  current  patterns  at  the  times  of  strength  of  ebb 
and  strength  of  flood,  respectively.  Crosscurrents  near  the  mouth  of 
Jordan  Creek  and  the  Juneau  end  of  the  dike  developed  during  the  flood 
phase  of  tide  and  are  shewn  in  photo  59-  Similar  crosscurrents  were  ob¬ 
served  during  tests  of  plan  1  (photo  37).  Also  during  the  flood  phase 
of  the  tide,  a  rather  strong  eddy  developed  around  the  navigation  chan¬ 
nel  near  the  Juneau  end  of  the  dike  in  area  2  (photo  60). 

30-  by  300-ft  channel 

82.  Plan  7  consisted  of  a  30-  by  300-ft  navigation  channel  with 
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no  other  improvements  (fig.  17).  The  results  of  the  plan  7  shoaling 
test,  presented  in  table  5  and  plate  33j  show  that  this  channel  enlarge¬ 
ment  would  increase  shoaling  by  about  109.1  percent.  The  primary  peak 
of  the  shoaling  distribution  pattern  was  shifted  to  the  west  from  shoal¬ 
ing  sections  13  and  14  (just  east  of  the  mouth  of  Sweitzer  Creek)  to 
section  11  (just  west  of  the  mouth  of  Sweitzer  Creek). 

83.  Tidal  elevation  measurements  for  plan  7  are  presented  in 
plates  4-2-44.  The  changes  observed  were  essentially  the  same  as  those 
observed  in  plan  5-  Velocity  observations  are  presented  in  plates  45-48. 
Gross  reductions  of  maximum  velocities  were  observed  at  all  four  sta¬ 
tions.  Only  the  maximum  west  velocities  at  sta  2  and  the  maximum  ebb 
velocities  at  sta  3  were  relatively  unchanged.  The  reductions  of  maxi¬ 
mum  velocities  varied  from  1.5  to  3»25  fps.  Reduced  velocities  were  to 
be  expected  because  of  the  large  increase  in  flow  area  effected  by  the 
enlarged  channel. 


84.  Photos  61-64  show  the  surface  current  patterns  for  plan  7. 
Conditions  at  the  times  of  hhw  and  llw  are  shown  in  photos  6l  and  62. 
Comparison  of  these  photographs  with  photos  22  and  28  indicates  that  the 
enlarged  channel  had  no  effect  on  the  waterline  at  hhw  and  llw.  Maxi¬ 
mum  surface  current  velocities  as  determined  from  the  photographs  for 
the  areas  shown  in  fig.  15  are  presented  in  table  6.  Maximum  surface 
velocities  in  these  areas  were  generally  reduced  by  1.0  to  3*0  fps,  ex¬ 
cept  that  the  maximum  ebb  velocity  in  area  3  was  increased  by  1.0  fps. 
Photos  63  and  64  are  the  most  representative  of  conditions  at  the 
strength  of  ebb  and  strength  of  flood,  respectively. 

85.  Plan  8  (fig.  17)  consisted  of  the  30-  by  3 00- ft  channel  in 
combination  with  the  17,250-ft-long  dike  and  diversion  of  Fish  Creek  as 
developed  in  plan  4.  The  results  of  the  plan  8  shoaling  test  are  pre¬ 
sented  in  table  8  and  plate  49-  Shoaling  was  reduced  by  67.5  percent 

as  compared  with  plan  7  but  heavy  shoaling  occurred  at  the  Juneau  end  of 
the  navigation  channel  in  shoaling  sections  l6  and  17.  The  shoaling 
rates  per  unit  area  in  sections  l6  and  17  were  1.8  and  3.9  cc  per 
1000  sq  ft  (prototype),  respectively.  The  corresponding  approximate 
maximum  depths  of  fill  in  these  sections  during  a  2-yr  period  for  plan  8 
conditions  are  2  and  4  ft. 

86.  Results  of  the  tidal  elevation  measurements  for  plan  8  are 
presented  in  plates  42-44.  No  significant  changes  as  compared  with 
plan  7  were  observed  at  the  channel  gages,  and  the  increase  in  low-water 
elevation  observed  at  the  Lemon  Creek  gage  was  typical  of  all  other  dike 
plans.  Velocity  observations  are  presented  in  plates  45-48.  Compared 
with  plan  7,  the  only  significant  changes  in  maximum  velocities  were  as 
follows:  maximum  surface  ebb  velocity  at  sta  1  was  reduced  by  0.75  fps, 
maximum  surface  flood  velocity  at  sta  4  was  reduced  by  1.25  fps,  and 
maximum  surface  ebb  velocity  at  sta  3  was  i’ creased  by  1.0  fps. 

87.  Surface  current  pattern  photos  65  and  66  were  taken  at  the 
times  of  hhw  and  llw  for  plan  8,  respectively.  No  change  was  observed 
in  the  high  waterline,  and  the  low  waterline  was  typical  of  other  dike 
tests.  Maximum  surface  current  velocities  as  determined  from  the  photo¬ 
graphs  for  the  area  shown  in  fig.  15  are  presented  in  table  6.  Compared 
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with  plan  7,  significant  velocity  changes  were  observed  in  areas  1,  3, 

4,  and  5-  In  area  1,  maximum  surface  ebb  and  flood  velocities  were  in¬ 
creased  by  3.0  and  1.0  fps,  respectively.  In  area  5>  waxiaani  surface 
ebb  and  flood  velocities  were  increased  by  1.5  and  2.0  fps,  respectively. 
In  area  3,  the  maximum  surface  flood  velocity  was  increased  by  1.0  fps. 
In  area  4,  the  maximum  surface  flood  velocity  was  reduced  by  1.5  fps. 
Photos  67  and  68  are  the  most  representative  of  strength  of  ebb  and 
strength  of  flood,  respectively. 

Discussion 

88.  Shoaling  test  results  show  that  for  either  of  the  enlarged 
channels  combined  with  the  proposed  dike,  rather  heavy  shoaling  will  oc¬ 
cur  at  the  Juneau  end  of  the  channel  in  sections  16  and  17.  It  is  be¬ 
lieved  that  this  situation  can  be  alleviated  by  improving  the  Leaon 
Creek  channel  to  carry  ebb  flows  directly  into  the  deepwater  portion  of 
Gastineau  Channel  (fig.  18),  although  this  configuration  was  unfortu¬ 
nately  not  subjected  to  testing  in  the  model.  The  same  effect  could  be 


Fig.  18.  Proposed  diversion  of  Lemon  Creek 


obtained  by  extending  the  dike  about  8000  ft  toward  Juneau;  however, 
this  would  result  in  excessive  velocities  between  the  dike  and  the  bank¬ 
line  over  that  entire  distance  and  would  probably  cause  a  considerable 
reduction  of  high-water  elevations  behind  the  dike. 

89.  Relatively  high  velocities  adjacent  to  the  dike  and  the  bank¬ 
line  were  observed  in  areas  1,  3 »  and  5  for  the  plans  involving  channel 
enlargement  and  the  dike.  These  will  necessitate  some  sort  of  protec¬ 
tion  of  the  bankline  and  the  face  of  the  dike  near  each  end. 
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PART  V:  CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


90.  Based  on  analysis  of  available  prototype  information  and  the 
results  of  model  tests  reported  herein,  the  following  conclusions  are 
drawn: 


a.  The  Mendenhall  River  does  not  contribute  significantly 
to  shoaling  of  the  navigation  channel. 

b.  The  heavy  shoaling  in  the  navigation  channel  observed  in 
the  first  year  after  construction  was  caused  primarily 
by  sloughing  of  the  side  slopes.  In  addition,  the  breach 
in  the  Juneau  Airport  seaplane  basin  caused  heavy 
shoaling  at  the  mouth  of  Jordan  Creek. 

c.  For  any  of  the  dike  plans  tested  in  combination  with  the 
existing  channel,  shoaling  in  the  navigation  channel  will 
be  reduced  by  about  80  to  85  percent.  Diversion  of  Fish 
Creek  will  reduce  channel  shoaling  by  about  an  additional 
5  percent. 

d.  Enlargement  of  the  navigation  channel  to  dimensions  of 
12  by  150  ft  will  increase  shoaling  in  the  navigation 
channel  by  about  45  percent;  enlargement  of  the  channel 
to  30  by  300  ft  will  increase  shoaling  by  about 

110  percent. 

e.  The  17,250-ft-long  dike  and  diversion  of  Fish  Creek,  in 
combination  with  the  12-  by  150-ft  channel,  will  reduce 
shoaling  by  about  60  percent  as  compared  with  base  con¬ 
ditions,  while  these  same  improvements  with  the  30-  by 
300-ft  channel  will  reduce  shoaling  by  about  30  percent. 

f .  Either  of  the  enlarged  channels  in  combination  with  the 
improvements  will  cause  rather  heavy  shoaling  in  the 
Juneau  end  of  the  channel  (sections  1 6  and  17). 

g.  For  all  of  the  plans  tested,  current  velocities  and  cur¬ 
rent  patterns  should  be  satisfactory  from  the  standpoint 
of  navigation. 

h.  For  all  plans  involving  a  dike,  relatively  high  veloc¬ 
ities  will  occur  near  the  ends  of  the  dike,  along  the 
bankline  opposite  the  ends  of  the  dike,  and  along  the 
bankline  at  the  Juneau  end  of  the  airport  runway. 

_i.  Because  of  the  head  differential  measured  across  all  of 
the  proposed  dikes  tested,  a  substantial  flow  would  de¬ 
velop  across  the  top  of  the  dike  if  it  were  constructed 
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with  a  top  elevation  below  hhw.  This  flow^could  cause: 
severe  damage  to  the  structure  unless  extensive  protec¬ 
tion  were  provided. 

2*  With  any  of  the  dike  plans,  a  substantial  area  behind 
the  dike  will  remain  flooded  at  the  time  of  low  water. 


Recommendations 


91.  Based  on  the  results  of  the  model  tests  and  the  subsequent 
analysis  thereof,  the  following  recommendations  are  made: 

a.  The  17,250-ft-long  dike  and  Fish  Creek  diversion  (plan  4) 
should  be  constructed  if  economically .justified.  The 
top  elevation  of  the  dike  should  b,e  above  hhw,  and  the 
dike  should  be  impermeable . 

b.  The  ends  of  the  proposed  dike  and  the  bankline  in  the 
vicinities  of  the  seaplane  basin,  the  east  end  of  the 
airport  runway,  andt  Vanderbilt  Hill  should  be  protected 
against  erosion  by  relatively  high  current  velocities. 

c.  It  is  suggested  that  the  Lemon  Creek  channel  be  improved 
from  the  upstream  end  of  the  proposed  dike  to  its  down- 
streammost  junction  with  the  navigation  channel.  This 
would  reduce  the  lateral  flow  between  Lemon  Creek  and 
the  navigation  channel  and  thus  reduce  the  possibility 
of  shoaling  in  that  reach  of  the  channel . 

d.  If  the  navigation  channel  is  enlarged,  it  is  recommended 
the  Lemon  Creek  channel  not  only  be  improved  but  Also 

be  diverted  from  the  navigation  channel  directly  into 
deep  water  near  Salmon  Creek. 
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Table  1 


Shoaling  Test  Injection  Schedule 

t  ; 


and  Mount  of  Infection, 

cc 

:Cycle 

Time 

Sveitzer 

Creek 

Jordan 

Creek 

Fish 

Creek 

Gage 

18 

Prior  to 
test  . 

6,000 

0 

0 

0 

0 

i 

0200-0500 

2,000 

1,000 

0 

0 

0  ' 

l4oo-i8oo 

2,000 

1,000 

0 

0 

1 ' 

0200-0500 

2,000 

1,000 

0 

0 

1 

1400-1800 

2,000 

1,000 

0 

0 

2 

.  0200-0500 

2,000 

1,000 

0 

0 

2 

1 

1400-1800 

2,000 

1,000 

0 

0 

3 

• 

0200-0500 

2,000 

1,000 

0 

0 

3 

i4oo-i8oo 

2,000 

1,000 

0 

0 

0200-0500 

2,000 

1,000 

1000 

1000 

4 

1400-1&00 

2,000 

1,000 

1000 

1000 

5 

0200-0500 

2,000 

0 

1000 

0 

.5 

1400-1800 

2,000 

0 

1000 

0 

6 

0200-0500 

2,000 

0 

1000 

0 

6 

1400-1800 

2,000 

0 

1000 

0 

:  7 

0200-0500 

2,000 

0 

1000 

0 

i 

Total  36,000 

10,000 

7000 

2000 
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Table  2 


Results  of  Shoaling  Tests 
Shoaling  Verification  and  Base  Test 


Shoaling  Verification 
Material  *  of  Total 

Material 

Base  Test 

it  of 

Verification 

Shoaling 

Recovered 

Material 

Recovered 

Total  Material 

Section 

cc 

Recovered 

cc 

Recovered 

1 

490 

5-7 

225 

2.6 

2 

175 

2.0 

415 

4.9 

3 

317 

3-7 

485 

5-7 

4 

705 

8.3 

400 

4.7 

5 

53C 

6.2 

700 

8.2 

6 

340 

4.0 

1,380 

16.2 

7 

1185 

13-9 

665 

7-8 

8 

460 

5-4 

25 

0.3 

9 

50 

0.6 

93 

1.1 

10 

25 

0.3 

550 

6.4 

11 

225 

2.6 

1,110 

13-0 

12 

290 

3-4 

870 

10.2 

13 

685 

8.0 

1,860 

21.8 

14 

1505 

17-7 

1,745 

20.5 

15 

845 

9-n 

737 

8.6 

16 

705 

8.3 

980 

11.5 

Total 

8532 

100.0 

12,240 

Shoaling  Index 

143.5* 

*  Shoaling  index  is  the  total  amount  of  material  recovered  for  the  base 
test  divided  by  the  total  amount  of  material  recovered  for  the  shoal¬ 
ing  verification. 
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g&aalfag 

Serclae 

5ttae 

Ktterfal 

Sfi^3HC51Ci 

rlaa  1 

— -  '  *Ia-  2  ' 

rlaa  5 

?isa  «i  • 

SCtderfsl 

5  of 

3sae  Test 
Total 
Material 

Malarial 

£»ff 

Base  Test 
Total 
Material 
anagreral 

Jfcrerfal 

is? 

3aa*  '&*s. 
Tatal 
Miserial 

KtSerfal 

geuamei 

er 

toff 

Seat  rest. 
TScal 
Muerfal 
Siei'jjeegl 

oc 

or 

ftS 

<c= 

1 

225 

1.5 

75 

0.-5 

125 

1.0 

115 

0-9 

5 

0.9 

2 

&15 

3-6 

555 

6-5 

515 

6.2 

225 

2-9 

15 

0.1 

3 

6S5 

1.9 

659 

3.® 

-15 

3-6 

135 

1.6 

30 

0.7 

& 

too 

3-3 

S3 

0.7 

125 

1.9 

62 

0.5 

ia 

9.6 

5 

?x> 

5-7 

1*9 

1.1 

132 

0.3 

C2 

0.7 

5> 

0.2 

6 

1,333 

31-3 

265 

2.0 

22 

0.2 

2S0 

2.3 

210 

1-7 

7 

«5 

5-* 

25 

0.2 

0 

0 

£5 

0.7 

1&0 

1.1 

3 

25 

0-2 

10 

0.1 

0 

0 

IS 

Oil 

79 

0.6 

9 

93 

0.6 

33 

6-3 

0 

0 

19 

0.1 

92 

0.8 

10 

550 

b.5 

13 

0.1 

0 

0 

10 

0.1 

29 

0.2 

11 

1,110 

9-1 

5 

0.0 

13 

0.2 

12 

0.1 

10 

0.1 

12 

870 

7.1 

20 

0.2 

93 

0.8 

t2 

0.3 

15 

0.1 

13 

l,6oO 

15-2 

133 

1.1 

300 

2.5 

70 

0.6 

70 

0.6 

lb 

1,7*5 

lb -2 

65 

O.b 

165 

1-3 

15 

0.1 

35 

0.3 

15 

737 

6-0 

65 

O.b 

52 

O.b 

55 

O.b 

75 

0.6 

1 6 

530 

8.0 

165 

1-3 

350 

2-9 

too 

3.3 

225 

i.8 

Total 

12,2*0 

100-0 

205b 

2287 

I8l6 

Uo2 

Shoaling  Index 

16.8* 

18.7' 

lb:8« 

9-5' 

*  Shoaling  index  is. the  total  a-sount  of  material  recovered  for  a  plan  test  divided  by  the  total  asount  of  aaterial 
recovered  for  the  base  test. 
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Table  k 


^y-jiTTPTT  Surface  Current  Velocities 
Dike  giant 


Current  _ ltaiae  Surface  Velocity,  ftx 


Area 

gg 

Base  Test 

Flan  1 

££21 

Han  3 

Flan 

1 

Ebb 

3.5 

6.0 

4.0 

— 

Flood 

4.0 

4.5 

4.5 

— 

— 

2 

Ebb 

4.5 

2.5 

3-0 

— 

— 

Flood 

3.0 

2.0 

2.5 

— 

— 

3 

Ebb 

1.5 

0.5 

— 

— 

— 

Flood 

2.0 

4.0 

— 

— 

— 

4 

Ebb 

3-5 

1.0 

— 

— 

— 

Flood 

4.0 

2.5 

— 

— 

— 

5 

Ebb 

1.5 

2.5 

— 

— 

4.5 

Flood 

2.0 

3.5 

— 

— 

2.5 

6 

Ebb 

4.5 

2.5 

— 

3.5 

5.5 

Flood 

4.5 

4.0 

— 

3.0 

4.5 

7 

Ebb 

3.0 

3.0 

— 

3.0 

3.0 

Flood 

2.0 

2.0 

— 

2.0 

2.5 

Note :  These  velocities  were  measured  on  photographs  of  surface  current 
patterns  and  were  measured  outside  the  limits  of  the  navigation 
channel.  Areas  1-7  are  shown  in  fig.  15. 


Table  5 


Besolts  of  Shoaling  Tests,  Flans  5  aad  7 


Piac  5  Flan  f 


Shoal¬ 

ing 

Sec¬ 

tion 

Sue  Test 

—  —  ^  j,f 

Material  Total 

Recovered  Material 
cc  Recovered 

Material 

Recovered 

cc 

£  of 

Base  Test 

Total 

Material 

Recovered 

Material 

Recovered 

cc 

£  oi 

Base  Test 

Total 

Material 

Recovered 

i 

225 

1.8 

37 

0-3 

1,270 

10.4 

2 

hl5 

3-4 

35 

0-3 

50 

0-4 

3 

435 

k.Q 

40 

0-3 

220 

1-8 

if 

hCO 

3-3 

30 

0.2 

255 

2-1 

5 

ICQ 

5-7 

93c 

8-0 

75 

0.6 

6 

1,380 

11-3 

2,230 

18.2 

3,725 

30.4 

7 

665 

5-4 

282 

2-3 

88 

0-7 

8 

25 

0.2 

50 

0.4 

147 

1.2 

9 

93 

0.8 

33 

0-3 

300 

2.4 

10 

550 

4-5 

670 

5-5 

1,627 

13-3 

11 

1,110 

9-1 

2,320 

18.9 

10,915 

89.2 

12 

870 

7-1 

2,420 

19-8 

6,350 

51-9 

13 

1,860 

15-2 

5,615 

45-9 

550 

4-5 

14 

1,745 

14.2 

2,875 

23-5 

25 

0.2 

15 

737 

6.0 

23 

0.2 

0 

0 

16 

980 

8.0 

10 

0.1 

0 

0 

17 

0 

0 

80 

0.6 

0 

0 

To „&1  12,240 

Shoaling  Index 

100.0 

17,732 

144.8* 

25,597 

209.1* 

*  Shoaling  index  is  the  total  amount  of  material  recovered  for  a  plan 
test  divided  by  the  total  amount  of  material  recovered  for  the 
base  test. 
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WfcTiTTtair  ScrjTfcrc  Ctaregl  Yelccltifcs 
Csacotl  EteSaggcgeffit  FS«ks 


Current  Hurfaga  Sarfmoc  Telocity,  tf s 


Area 

AX 

■Tsarai 

1 

3-5 

3-0 

5-5 

1.0 

4.0 

Flood 

4.o 

3-0 

3-5 

3-0 

4.0 

2 

Ebb 

4-5 

2.0 

2.0 

1-5 

1-5 

Flood 

3-0 

1-5 

1-5 

2.0 

1-5 

3 

Ebb 

1.5 

2.0 

2-5 

2-5 

2.0 

Flood 

2.0 

2.0 

1-5 

2.0 

3-0 

4 

Ebb 

3-5 

4.5 

1-5 

1-5 

1-5 

Flood 

4.0 

4.5 

3-5 

3-0 

1-5 

5 

Ebb 

1.5 

1.5 

3-5 

2.0 

3-5 

Flood 

2.0 

3-0 

3-5 

1.0 

3-0 

6 

Ebb 

4.5 

3-0 

3-5 

2.0 

1.5 

Flood 

4.5 

4.0 

4.5 

2.0 

2.0 

7 

Ebb 

3-0 

3.0 

3-0 

3-0 

3-0 

Flood 

2.0 

2.5 

2.5 

2.0 

1-5 

Note: 


CO 


These  velocities  were  measured  on  photographs  of  surface  current 
patterns  and  were  measured  outside  the  limits  of  the  navigation 
channel.  Areas  1-7  are  shown  in  fig.  15. 


f»M*  7 


fflaa  6 


Shoaling 

Section 


'Material 

3ec«rrered 


%  of 
Total 
Material 
ESccorrered 


Material 

Becorered 


%  of 
Han  5 
Total 
Material 
Becorered 


1 

37 

0.2 

0 

0 

2 

35 

0.2 

20 

0.1 

3 

40 

0.2 

220 

1.2 

4 

30 

0.2 

55 

0.3 

5 

960 

5-5 

200 

1.1 

6 

2,230 

12.6 

125 

0.7 

7 

282 

1.6 

25 

0.1 

8 

50 

0-3 

0 

0 

9 

33 

0.2 

0 

0 

10 

670 

3.8 

0 

0 

11 

2,320 

13.1 

0 

0 

12 

2,420 

13.6 

97 

0.6 

13 

5,615 

31.7 

275 

1.6 

14 

2,875 

16.2 

0 

0 

15 

23 

0.1 

10 

0.1 

1 6 

10 

0.1 

465 

2.6 

17 

80 

0.4 

3045 

17.6 

Total 

17,732 

100.0 

4537 

Shoaling  Index 

25.6* 

*  Shoaling  index  is  the  total  amount  of  material  recovered  for  plan  6 
divided  by  the  total  amount  of  material  recovered  for  plan  5. 
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Table  8 


Results  at  Shoaling  Tests 
Plan  3 


Flan  8 


Shoaling 

Section 

Plan  7 

Material 

Recovered 

cc 

&  of 

Total 

Material 

Recovered 

Material 

Recovered 

cc 

i  of 
Plan  7 
Total 
Material 
Recovered 

1 

1,270 

5-0 

970 

3-8 

2 

50 

0.2 

790 

3-1 

3 

220 

0.9 

300 

1.2 

4 

255 

1.0 

170 

0.7 

5 

75 

0.3 

25 

0.1 

6 

3,725 

14.5 

50 

0.2 

7 

88 

0.3 

25 

0.1 

8 

147 

0.6 

o 

0 

9 

300 

1.2 

25 

0.1 

10 

1,627 

6.4 

0 

0 

11 

10,915 

42.6 

50 

0.2 

12 

6,350 

24.8 

l6o 

0.6 

13 

550 

2.1 

130 

0.5 

14" 

25 

0.1 

90 

0.4 

15 

0 

0 

102 

0.4 

16 

0 

0 

1085 

4.2 

17 

0 

0 

4335 

16.9 

Total 

25,597 

100.0 

8307 

Shoaling  Index  32.5* 


*  Shoaling  index  is  total  amount  of  material  recovered  for  plan  8 
_^.vided  by  total  amount  of  material  recovered  for  plan  7. 
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